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. - . In order to alleviate present andT anticipated 

personnel shortages, the Aried Services w4.ll have to lOve away froi 
the present reliance on ydung adults as a source of personnel. 
Questions reiain about, the effects of age changes in dognition on 
work performance of older personnel. Changes in cognitive capacities 
over the. adult working years are reviewed. Iwo aajor decrements are 
notei:/a ge*toeral deterioration of sensory ftfnctioning and a slowing 
of higher cognitive processed, she general effects of experience, 
cbibined with an increase. in verbal intelligence throughout the 
working, years, argues for increased competence of older Individuafls 
in lany work sitttations.. Because general physical health is related, 
to the maintenance of cognitive performance throughout adult lif«, 
medical and psychological research phoulff be initiated to levelop 
indices of an individual's functional age by indlvidtoil differences 
in physical health and health^relate'd behaviors. Tile goal, would be 
th^ development of a reliable medical and psychological screening 
procedure to identify older personnel at risk for petforman-ce 
decline. The Reserve forces are ^suggested V an appropriate 
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h^Q. Two major decrenients., are noted, a general deterioration of sensory func- 
tioning and a slowing of higher cognitivjB processes. The latter: slowing may be 
sufficient to affect performance in situations in which time demands on respond; 
ing are on the order of fractions of seconds, but would pro()ably not affect most 
work situations. The^geAeral effects of experience, combined with an increase 
in verbal intelligence throughout the wo^*king years, argues for increased compe- 
tence of older individuals in many work situations. There are ind^ica^ons that 
sf^atial reasoning abilities and the ability to develop solutions t^o new^irobl^s 
("fluid intelligence") decrease with age. Secondary and review articles 
overstate this effect* The primary studies themselves have serious design flaws 
The best designed studies indicate that tbe^drops do occur, but that the effect 
may r^ot begin to be serious until the middle 50s or beyond. Because of problems 
4n design and/or choice of performance 'measure, this topic requires further ex- 
ploration. * ^ . 

The above statements refer XO genteral trends* Very wide inj^ividual differ- 
ences are found. Although the relative order of individuals^ on tests of mental 
competence remains remarkably constant over adult life^ the absolute difference 
between people increases.. In practice, this means that as people age, those 
7<^ple who initially had high levels of ability retain them, while people with 
^t^tially low levels of performance get worse* This finding farther emphasizes 
the importance of obtaini-ng recruits who are of average or above averaae ability 
as young adults* It also suggests that high ability personnel iri the 40-60 age 
range may be preferable to younger personnel of low ability, especially given 
technif:al experience* 

General .physical health is related to the maintenance of cognitive perform- 
ance^throughout adult l ii^e* In particular, indications^ of cardiovascular prob- 
Jeftis (hypertension, heart dvsgases, minor strokes) are usually accompanied by 
*sl owing of performance in cognitiv^e tasks* There are indications that immoder- 
ate use of aUohol can produce 'substantial losji tn cognitive performance, prob- 
ably Ton a permanent basis* The evidence is quite clear that this happens if 
alcohol use is carried to the point of frequent severe intoxication. The evi- 
dence IS less clear if use is limited to frequent social drinking, but there is 
a distinct possibility that this is a cause'of loss of cognitive functioning in 
adults* Losses in sensory capaciCy^ particularly .audition, are exacerbated by 
environmental hazards* 

Standard medical examination procedures for sensory functioning (e.g., vis- 
ual acuity charts) , appear to underestimate the functional Inss suffered by an 
individual in demanding work situations* New human engineering standards may be 
appropriate for work stations that are to be operated by people In their 40s and 
50s, in order to accomodate for sensory deterioration. Medical and psychologi- 
cal research should be initiated to bevelop indices of an individual's function- 
al age bv individual differences in physical health (especially cardiovascuUr 
problems) and health-related behaviors (exefcise, alcohol and^^itlSstance abuse, 
etc*). The goal would be the development of a reliable medl/al and psychologi- 
cal screening procedure to identify older personnel at risk/for performance de- 
cline* A study shoul^l be initiated of long term' changes i/^performance^ith 
age in service relev^^t populations. The Reserve forces arV-suga esJbey as an ^ 
appropriate populat im/i,. Thii study is needed because, of the questionable rel^ 
vance of some of the tests used in the literature as indicators of performance 
in military work situations, and .because previous studies have indicated thajt 
different aging trends niay be found in differeht populartions. 

1 
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The prep3r3t*ion of this report was Motivated by a saMple^ " 
practical question* Sbhe years ago Dr» Henry Halff^ of the Office of 
f|av3l Resear ch^-gave a colloquiUM at the IJniversity of Washington in 
which he dispussed psychological problehs faced by the hodern 
Military* One of the problens that he MervEloned wars the probleM .of 
obtaining enpugh^l^oung and vigorous" enlistees^ and retaining then 
long. enough sor^Mt they returned the training investMent to the' 
-services** this/piqued the curiousity of one of u^s <EH)f who began to 
read m the a^ea^ and to talk with CH^ who had his graduate training 
m the Psychology of Aging* Th^ deMographic probleM was clearcuti 
the Defefise Depar'lmentf and More generally U*S* industry as a who^e^ 
Must COMe to grips with* a siMple deMo,graphic fact* The age* 
distribution of our population, is going to cfjange Markedly over the 
ne>;t twenty to thirty years* Modern industi*iesf including but 
certainly not liMited to the Defense DepartMertt^. use people as 
inforMation processing .devices More than they ^ise thert as sources of 
power* We wondered whether or not there were age-related changes in 
coqnition that would force changes m industrial practice* ^ 

When we turned to the liter attire for guidance^ we quickly 
-discovered that* the literature siMply was not organized to answer our* 
question* Ther^ were two reasons*. Most of the researcjb oh 
"gerontological psychology" is Motivated by a desire to understand 
the life changes associated wi^h old age* Work m the field is also 
strongly oriented toward the study of cognitive (^Jjanges^ that Might 
produce a probleM for^an <elderly) individual in his or her daily 
life* These twb pr lentation^ are reasonable* Mui^h of the research 
in this fi^ld is^ funded by an agency (The National. Institute on 
Agin^) tha"t is specifically charged with consideration of the ^ 
prtebieMS of the elderly* The scientists wHo work on probleMs of 
aqing-^have a string institutional and persortal coMM^tMent toward 
doing sottething for treatMent of these individuals*-^ Fdr our 
purposes^ though ^ these two orientations were soMewhSt unfortunate* ^ 
We wanted to know soMething about changes in cognition that occurred 
during the norMal working years* Such changes would probably be 
sMall/ and wuXd affect an individual only gradually* FroM the point 
of vieif* of an epideMiologist or econoMist^ however^ sMall changes in 
individuals Might Mean Major changes in the effectiveness of a worl< 
force* • " - ' 

We| concluded that a survey was required ^ . directed at the^ 
specific questions^ that we wished to' have answered* With the 
encourageMent Of Or* Halff and Dr* Marshall Farr of the Office of 
Naval ftosearchf.we sfH»nt a substantial aMount of tiMfe reviewing thfe 
literature and asking psychologists and physitians what thej^ know 
about ''Mi^iclle aging'** In^ addition^ we have also visited various 
industrial and Naval establisrhMents^ in. order to get a better * picture 
of current personnel, practices *^ Our hope was that we Would then be 
able* to Make a better ^uess about how the changes in people that the 
scientists saw as possibly affecting the way that a particular high » 
technology organization^ vthe U'*S* Navy^ 'had to do its business* 
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/ . 1, INTRODUCTORY REMARKS 

, Since Mortd War II the Un'l te<f -States has drawn Its allltary 
Manpower froM post adolescents and young adults* The typical 
career pattern for a sold|er> sailors «arlne# or alraan has been 
to enlist In the late teens or early twenties and serve for a 
sing le ^nl i staent period* In order to obtain the skilled 
technicians that the eoderji ■llll^iry needs special efforts are 
made to retain and tralji a cadre of professional sped al Ists who 
serve for ' longer, per I ods of tiae* It Is well known that this 
systen of recruitnent Is not working satisfactorily today and 
that> given Inevitable deiiogr aph I c. changes^ the proDtea Is likely 
to be worse In the near future* The, services taust find soee way to 
enljst and .retain More experienced technicians^ both In the — 
coaalssloneo and non'conalssloned ranks* • , 

^ * * / 

^ Two courses of action are possible* The services could attempt 

to Improve their retention rates* which are presently quite low> 

while continuing to train specialists theaselves* This will be 

called the "retention option*" In addition* prograas could be 

Initiated to enlist older persons* who are already skilled* to 

fill technical positions* Dlrefct recruitnent of skilled pe^iple l.s' 

^v^one- now fof a few allltary occupations* noticeably »ip^lci.ne* and 
*rw-4v widespread practice In the I9th century* The option of 

' recrufvtlng olrectly Into the higher ranks will be called the 

. ''laterlal entry" option* It Is .likely that both options will be 
taken*« beeause our natlona-li policies deaand a strong allltary 
force, \E»ther option, Is certain to have one.resjjltf the a«erage 
age of s^viceaen and women will Increase^ Wi 1 1, this' f ean a 
military with reducedi vl gor t)? grjpaler sMUl Wnat 1$ t^e 
'tradeoff Between tnese poars Ibl I I tTes? This report examines one 
aspect of the pr^bl^af the llkllhood of changes in the cognitive 
'capacities of older ^personnel* here defined is indlvlxtual^s ranging 
In age froi 20 to 6D* ' > #' 

• , ■ ^ ■ ,* 

Therq would be ho real reason for th? ml 1 I tar y -to" be Interested 
In Investigating cognitive changes In aautts ,lf .age chan,ges in the 
military population wer e '^expected to be snail* On tKe cffn^rary* 
we believe that substantial "aging" of the nlltary force Is 
likely* This l^ partly because o^the extreme youth of the 
present active duty force. In 197^, only IZX of active auty male 
enlisted personnel were over 35^ eild onl-y IX were- over 45* The 

. conpafable figures for th^' clvlira(\ work force* were 52Z and 33t..' 
When the retention problem Is' solved thct Armed Forces population 
can be expected'to move .toward but not .reach tne age dl<str t but i on 
of tne civilian work force* A reasonable estiaate of the eventual 
military &ge distrioutlon can be obtained by looking at the 
present Reserve forces* These were the people who "almost" made 
the Military a career* As of, the end of 1980* 33t of Naval 
ReserVe enlisted personnel and bZX of Reserve officers wefe over 
the aye of 3i> (U*S* Naval Reserve). Reserve Manpower* ^Hobl I izat I on 
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Planning^ a.hd Policy Division/ Notes I and 2)» It thus, seems 
reasonable to suppose that tht nuAder of active duly personnel 
over age 35 mI 1 1 . at' least double. i«r .lateral entr.y and retention 
attempts are successful* 

A related issue Is hOH the older personnel hIII be used* Major 
changes frofi current practice can be expected* At present/ and In 
^the Immediate pasC^ oider^ sore experienced Inoi viduals Tiave been. 
as;5lgned to supervisory^ roles* This tradition hIII have to.^e 
pdlfled* It Hill make more sense to retain ej(perlenceo people In 
hose positions Where th#lr experience Is reie^an,t* Th^i; means 
that inolvidual^^ Hho actually pperate equipment hHI be older than 
they are noM# although not ^old" in the usual sense* Rut 
su<icinctly» there is no proposal tQ 'employ 55 year old 
inf ^Tltrymen# but 40' yeaV old tanK drivers are a distinct' 
possibility*. , • ' . • • 

• > 

EconcDic analyse^ of j the use of older personnel In military 
roles h.ave generally been encouraging (Blnlkln and Kyr I akopo I ousj ^ 
I979r Parker^ Chr Is^tensen) . and bvery^ 1978)* It has been pointed 
out that more, mature* serv Icenen are bettef mo|;^ivated and more 
reliable* Surveys have shown that there are relatively ftn 
service occupations that mahe physical demands deyopd those that 
can be met by a reasonablV healthy forty year old man# ana mo'i^t of 
the normal pnysical demands encountered In service life could'^be 
handled oy^ people In thei r , f I f 1 1 es* The economic analyses. of 
wnich we aVe aHare>, however^ do not appear to,ha/^e considered the 
possibility that there ^re important ch'inges'ln cognitive 
capiio 1 1 1 1 1 es from age 20 to age 60* .The issue I's a' complex one* 
^oresnaooHing our conclus,ion> It Is fairly easy to demonstrate 
declines In cognitive performance over the Horking years# IF one 

.ciiooses tne right /tasks* ^Conversety# Jt is also fairly easy {o 
demonstrate Increased cognitive per formance ^over the same age^ by 
^.different cnolc'e of tasks* To complicate the matter further^ 
Hithin any age group there are. Hide Individual differences* These 
incredse Hith aje* On almost; any measure of co^inlti^ve performance 

ithe 0 I f f erence Jmtneen tHo* raodo^i ly chosen forty^ear olos Is 
likely to be greater tnan the^ d 1 *f f er ence between two randomly 
chosen twenty, year olos* ^ur.the rmore# the services are' rightly 
concerned with performances not potential* In general olo^r 
personne I .have inore experience on ^the jo^ and have maoe more, 
stable social aaju:>tments than have young adults* These positive 
aspects of "mluate agings often translate Into^more efflc.t^nt 
performances with dramatically reduced requirements for 
super vi^s ion* In che normal Indi vl dua I' the positive as'pects of 
maturi^ty almost certainly oVerwhe'lm any mifvor effects of 
deteriorations at least up* to age^^ Beyond that age some 
cognitive changes occurs In some 'individuals^ that luay present 
problems Iq som*e occupations* aTI these qual 1 f I ers $^hould be kept 
In mino In evaluating the data reported In the remainder of thls^ 
report * . ' ' • ^ • * 

> 

The report itself fs organized Intotnree sections* Sach ' 
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section revleM^ different eiiptrlcal findings concerning jge 
reliteo changes In cognlt'lon ductng the Hor k Ing j^ear s } arbitrarily 
oeflned/as the period froA ade ^5 to eg^^ S^cjtlon 2 ralsjes .^one 

;g6ner*all Issues about ^he studies of aglngr Sec^tlan 3 describes 
Hhat has been t*earned by psychonetrjc studies^ ln*^Hhlch people of 
v^ryt;)g tgts are given different forns of InteMlgence tests* 
This data provides e useful broad vieH of inteUectuef change* 

.The foltoHtng sections describe acre Italted studies of ^unen 
Iqforttatlon proc4ssingf conducted Hithin the tradition of 
experimental psychology* The topics covered* are sensory function^ 
tJ[ie ability to maintain attentions response, selections speeded 
Q^clslo'n makings accuracy of retention of Information* In m^morys 
and problem solving* ^ A general critique of Hork .In the f leJd Is 
I net uoeo* ^ ' * ' * 

The last section of the report deals Hith possible actlons'by 
the Armed Services* ThjBse faU Into tno headlng.si modifications 
of present practlcei 'and the Initiation of , programs of^ research* 
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The study of aging Involves more than* cai cul at Ing the 
correlation poefflclent between chronological ajie ano performance 
measures* This section presents several Ideas Ht^ch are of 
central Importance In understanding and evaluating the literature* 

tlOOfcLS qF.A6It^6 ^ ' ^. . ^ " 

The simplest vIeH of edult aging Is that It represents 
inevlUaDle biological deterioration* Thls-^Hiil be called the 
biological oecremenl mc^oel* It char aoter Izes change from young 
•Tdulthopd to old age as a gecllne from peak capacity to « 
progressively lower levels of performance* The decline Is assumed 
tu*be due tc the biological aging process* Reductions in 
t physlot c/gl eel functlanlng lead In turn to reductions In cogrvltive 
Rerf ormance* *The caodel certainly captures some of the truth abouf^ 
agings but overall It Is a gross simpi i f Icat ion of the facts* The 
rate of buioiogical agln^ varies cons i der abl y 'betHeen Jn^ i vl oualss 
so that an inoiyiduaPs iY)logVca I ag^** Is ofren.PQorly 
estimated by chronological age* Mdreovers within an individuals, 
diologlcai subsystems may age et widely yarjMg rates* Thus any 
statement abouc general bio log! ca I -tr endss let-alone their 
'Cognitive coQsequencess may be quite inaccurj^te «}hen appMed to an 
In'dlvlouaf* ' ' 

A second liroltation of the dioiogicai decrement mooel is that 
It nay lead to oversimplified 1 nt erpretationi of .the jpffects of 
^Oing upon cognitive behavior In a w6;'K envir onmentj»^ We shall 
repeateojy- stress tradeoffs between decrements l^n maximum capacity 
due to age and Increases In efficiency of performance due to 

. ERIC ^ * . . , ■ • f 
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expl&rrence* The Qeed to consi dei^exper I ence Is par t l^cu I tr I y 
Iropor.tant Hhere.an **el ement ary"* cognitive process has been. ^ 
Isolated by^Kieans of complex exper tu«ental techniques* Even If age 
deficits^ In this process are found in the exper Itiientai laboratory^ 
He must still judge Hhether tn<»se deficits will lislt the 
per f oriiance' of an exper lenced ^per son J n faniliar working 
*sl^uations« ^ ^ / ' 

, The processes' of 'biological aging are statistically related 
to# but ar econcep tual ly distinct fron many pathological p^oces&es 
Hi^icn are correlated Hith chronol ogl ica I age* Canc^r^ 
arter loscleroslsjt .diabetes^ and arthritis are 'exanp 1 es of 
age^cor re li|ited pat^oiogle^ hhlch aretnot Inevltaol/ associated 
H\tt\ the ajing process^ although their Incidence increases with 
Increasing age* Spne age-*cor re lated diseases^ especially 
cerebrovascular disease^' hyper tension^ hornon^al dysfunction^ etc*^ 
have deleterious cognitive effects** Certain behaviors {e*9*^ 
alcohol and druj abuse) nay lead to poor health and y^bnorltta t 
physiological ahq cognitive ^eclihe* In. this tt^\t^f ne .t^ke the 
position that nornal a^in^ changes nustT be distlngulsheo from 
pathological aging changes* Adralttedty^ the distinction c<in be 
som^Hhat arbitrary today's "normal aging** migh^ be tO0orroN*'s 
patnolosy after alscovery^of a new disease process* Ho^ever^ the 
distinction reffiainp Important* Han-y of the appar enK effects of 
aging may bermodlfleo by personal hea'it^h practices orv by * w 
aggressive env I r onaen tat and oc'cupat ional safety programs* Xn 
, considering the I ndus tr I a I ^Imp N cat 1 ons of an aging NoVk torce> It 
Is obviously important to distinguish between Inevi tabl\^ and 
rao6iitf|able Qhanj6s ijj^ wof Ker characteristics* * , \ • ; ^ 

Because ''we are^ concerned with industrial effects^ we 
generally shall not discuss changes In cogn 1 1 i orr tha t have been 
fobno in tne elderly^ i*e* people beyo'na tWe nor([lai. /rati r^^iuent 
a;e** By 'contrasts niost of the Literature on aging h^as ^ \ 
poncen'trat ed on the elderly^ arbitrarily those past 60% * Tt^ls is 
&n ^aipoVtant d I st I net I on>« because organlQ problems^ inqludl>g, 

* senile oententias^ ^egln to account foe' aore and more of .the^ 
variance 4n cognitive behavior asr people reach gruat age* 1[hus 

vthe IKerature on the elderly nay stress a biological m^del that 
is appr oi>r liate for one age periods but quite inappropriate f or 
another* A note that thist does not alnays mean that biolgg^cal^ 
models app I y\ on t y' to the el^eirly* Because people In the HorK 
force centrally face more demanding Ififornation processing tasks^ 
a biological tfe^icjt that could be. Ignored by a re^lrea person 
(Bight be Iiiritpn9 to a person employed In a taxinp situation* . 

' Pur cjncentr at In on\tiie HorKIng years presented us Hith a 
\problem In .reV leninj the aging literature* There are relatively, 
few stuoles that examine the 23-60 age interval* The modal stJdy 
of^ aging Is a two group cjojnpar lson> young aoult:^ (often^ ie«-20 y^ar 
oi^'^d students) /er^us old aaults (often b5-75 year old retirees)^* 
^uch comparisons are not merely poorly sujted to our purposes — ^ 
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they are also often of quest lonab le aethodorogi ca ( valldj^ty* Thus 
He have deliberately excluded mafiy -olo/yogng comparison stuoie^s 
from this revl.ew^ keepfng only those tnat/))ffjer a pojtentlally 
tmportant Insight Into aging ef f ects^orr^gn 1 1 1 on^ or those that 
cover a cojjnitlve change likely tp^l^e Upprtant over the. t<^ult 
ifOrKIng years* ^or basically Uve^sane jeason ne shaH not discuss 
studies of^ p^tholodlcal agj^ffi.sucrh as Alzhe Iner^s disease or 
Huntington^^ Chorea* 




HETHOOOLOGICAL CONSIDERATIONS . • ^ 

Most studies adult agfng, utilise a cro^s-sect lona I 'design^ 
in Mhicl> people of ^different ages are compared at the sewir poltit 
In tlr,e# In order Infer that group dl f f erenf ei^ In pprforwance 
are cue to group diffe/.ehces In age one- must assume that the 
groups tested* are utneVnlse cono^etab I e* It l*s extremely difficult 
to do thls> because different /election factors operate Hhen one 
recruits part I c Ipants^ fr om ol f yer ent# age groups* Lach«eh> 
Lachm<in> and Taylpr (1981) exaiilned Several relevant, journal s# ani 
concluoeo that about 8pX of the reports that' are'publ Isheu failed 
to pay sufficient etterttlon to this Issue* \Largely because of i 
this problems (fne must ,pe concerned aoout the cepi IcaSl I i ty of ? ^ 
cro$s**sect lona I studies ^Hhen evaluating the literature* While It 
Is probably impossible tb control ^fojr all po.ssl6le copfounds nlth 
age in any one study> dirfereot studies hIII have different 
biases* ^Age effects can then be discerned. by detecting 
consistencies In the results from several I ivdepenilent experiments* 

Longitudinal studies of aging foHoH a panel oVpartlclpants 
for an ex tended 1 ength of time* Intuitively^ this Is a more valid 
Hay to estab 1 1 sh ^age trends* Longitudinal studies^ thougbi also 
hav.e practical and tneoretlcal i Imttat ions;. The greatest practical 
limitation Is the <^)yense of recfo,iitlng and maintaining a sample* 
Another serious Issue fs hOH rei^resentative ^he sample is of the 
deneraL population*^ It. Is 'difficult to obtaln^a Svample;of ^ 
^'typical people^ to participate In a study that extends for years*^ 
Longltudlrfal studies nave ten/ded. to be biased ttfHard^the use of 
.upper'-mldd le class subject^^ Hho are socially and rgeogr aph 1 cal I y 
more stable^ or 'to the use of panels recruited frok peo'ple* Hho 
deal Hith a specific Instl tuti o^> such as the Veterans^ 
Adiiil ni str at Ion* The probilero'^of subject selection ocfi'urs both In 
Initial recruitment an/fT^more seriously^ In the stage of follon-up 
•testing* People-Hho remain In. penels tend to be those wht) are^ on 
the averages better socially adjusted^ healthier^ and* more 
cognitively corppetent* As a results longitudinal studies present 
a more DenTga nlcture of aging than Is obtained fram 
cross-sect lona P studi es* • . ^ 

* • • • " V " 

The. use of young/old designs <or more extended s/ 
cjfol^^sect lonal sampling) has l^ed to the general use of analysis 
of veriance techniques to Judge the statistical s\ Qr\Xf4.^%r^ of 
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age differences* Ue have observed vmo probl-ems Hhich have been 
consistently as^oc I ated hI t h this apf^roacht acceptance of, the null 
hypothesis* (np age chanyes)> and reference to the proportion of 
a^e«*predl cted. var 1 ance* It\ls soattlnes the case that a study 
hIII fall to, jfct^the nut r hypothesis of no age d I fff er ences# and 
hUI then c6plude thac -^therfe are no age changes untH age X*^ 
Sucti a statement Is not Hafranted unless the Investigator also 
evaluates the power of . the- stat i stical coAparlson# Sur pr t s-lng I y# 
this slmp.ie statistical fact Is frequently Ignored both In the 
primary anc^ secondary lljterature* 

A slightly Different problen of Interpretation arises Hhen an 
investigator flnd^ that the^ age effect only accounts for a small 
propor t ion, jdf variances and theri cpncluoes that ^age effects are' 
reliable out 5iiall> and^are prj^aoly not of great practical 
tffpor tances^-^ P ract leal Importance is something that cannot be 
oef^lned In generals ijt must be defined In terms of the costs and 
benefits In a specific sltoatlon* A oecrenent In choice reaction 
tlme^that HOi>io be trivfal to a retired Ranker iviljjht be cau:»e for 
retiring an airplane pilot* Our feeling is that^ nost HorKe.rs tn^ ' 
ger on^to I og^> nno^gnders tandaol.y are strongly oriented toward 
oealing with t hV^proo I ems ot the eldefly> interpret "practical^ as 
meaning ^has a notable effect on the Individuals I i.f es ty I e« 
Chanjes'ih pisrfornance that are not practically Important^ In this 
^ensc> can be extremely Important from the point of view of. a 
large employer^ such as the Armed Services* Looselyf the 
difference \a between the viewpoint of a particular Individuals 
who midht be calculating the chances of an accident happening to 
them> compai^ed to the viewpoint of. an employers who must c|iKulBte 
toe expected number of accidents In an organization employing 
literally millions of people* For^brevltys we !?hall*refer to , 
these different viewpoints as a concern for •♦cl Inica'l^* Snd v 
^Udustrial'' effects* Small changes ij) cognitive performance will 
be olscgssed whenever It appears. that they mignt have effects at 
the Inoustrial leveU Such an^eff^ect might HelT oe disregarded at 
the clinical 1 eve I * . ' \ 



* • Ip^irtdny reports age effects are evalljated by ^sKlog whether 
or not \one age jroup is^.^'stat 1st Teal ly different^* from another 
along spci^ dimension of perforpance* It Is OenerM/i^ more 
fruttf4i\ dl s(fuss. t^noss tit,htr t^nan ctfmparjsoilii -between 
spec i'r lc\ groups* 'To to this ope must 'fit soma ki'nxi of ^ecjemental 
curve (llnears exponenU.&J/ ett*) to the group- means f bV^rf f.er ent^ 
age jrooAs* Age^ curve fTt'tlng is helpful In^a^Kln^g whether 
average age changes appear to' hav^ begun pr I or^sjome ^^es ar In 
est imatlh]^ the average rate or change* ^h^r^^r^ several 
limitation^ of this type of fittings Trbwevpr*^ Curves of this kind 
may give an average "developmental .curve*^ whl'c^ uoes not 
accurately reflect'the true aging curve of any given Inolvldual* 
Fitting the means Ignores the Individual variability about the 
^means* A good fjt or a curve functl.bmto the observed ftiOans does i 
not Imply tttat there are no Ind I vidual .dl fferences In agtnj T^fe^^^l 
• • \ " " . * * / 
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Finilly> Sv4m4(trlty In tglng curvts betHeen different cognitive 
processes In no Hay implies a coKlion-caiisal nechanls«# atid ihould" 
nqt ,be so 1 ntetpr eted* Even givep these il«ltationsf He snail 
find age curve fitting to be 'a ^use'ful nay pf suantirlzlng many 
coflnl tl ve 'ef fe&ts af aging outing tne^HorKlng yearst 

COHORT- EFFECTS 



Our last-^ethodo Iog4oa I point deals Hith^a moderately subtle 
Issue that has Introduced a. confounding iWto easily *95X of all 
studies of aging* This Is the.**cohort effecti** jfhtch Mas flr^t 
discussed ^n detail by Schale (19^65) • " A *cohoP t ii> for our 
purposes! a i^roup of people Hha Join a populatlo^n of Interest at a 
ftarticuiar tl«e* ExanpUs would all peopljB Dorn In 1903> pr 
all peopTe entering the t1arin.es In 1967« Cohort effects^ are 
effat;ts on per f oflian^ce that are spaclMc to a partUu^aV cohort* 
^uppo^e# ,as^ls reasotnab I e# that one*s adult verJ:>al skills are 
deteVnl nea ^ I argel y by habits acquired durlM the school years* 
Suppose further that the length'^and effectiveness of schooling 
^increa^e4. steadi ly from 19^0 until 1950* A c7oss-sect lonaf study 
of verbal I nte 1 1 1 gence> conoueted t n. 19J& nl ght have reveated an 
**age relajted decline^* In verbal performance that nas actually due 
to thcf older suo^ect^ having receJv^^ . less effective schootlng^^ 
tather^than belng^ due to awe Itself* The problem U that In th*e 
cr oss-sectlonal aeslgn any cohort effects are, compl ete ly 
coofoundyd ««ith aoje effect^* One can even thinK of situations In 
Hhioh a cohort effect Hould produce a "negative age effect*.^ 
Continuing the examHle^ suppose further that the effectiveness of 
public educatlori^as drop^ped froir\l950 to 1^80* (Indeed^ many 
oljservers nave cfalmed th^'at; It has*) If so> and If school 
acquired veroal habits jare maintained throughiout adult li.fe# f 
^hegajtive age .effect** shoMlo appear in a crfTss-sect lona I study 
conduc1;ed in the^year 2000* ' ' • 

Longitudinal studies^ being stodles of a particular conort^ do 
not confound age and conort effects'* The f4ndinas^of ^ 
longltuoinal study# honever^ are st^tistlcaHy only gener al i ^ab 1^ 
to tne cohort studied* ^ < - 

There are compllcate'd designs that can be used to evaluate 
cohort and age effects separate Ijj^ (Sctval e^X969# 1977}* 
Essentially the^e^ oes i gns Involve the conduct of repeated 
cross-s6ctionat designs^ over a period of yea/s* Thus t'he cohorts 
born i.n I^hOp 1950* and 1960 nlght^be sampled In 1980> 19^90^ and 
2000^/i C.ombinfed longitudinal anjo cr oss^sect 1 o/al designs d.o solve 
,bhe log Icar problem of conj^ouhded age ahd cotiart. affects-*^ Tttrt" 
problem Hith these des^igns is that tKey are to expensive that they 
can seldom be, utilized*, v , \ 

totiort effects ar^e ot parttlcul ar 'Importance In the study of 
aging over the no^Klny years# because tnere are/marked cohort , 
effects In I'ndust r i al sett Imgs* The military services afford a 
good. exatBp 1 1* ''(fih 1 ch. member s of a cohort Join the military depend.s 
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up^on the social conoltlons prevailing at the time that cohort| 
enters the normal wllltary recrultient age* In particulars ' I ^ 
changes trow war to pteac\ and the Introduct loll of an all voluntaer 
service Jhave markedly affect'ed mll'Itary recrujUent tn^the past 
twencyfs^rs* T.he sort of cohort effects thatlpne woulo expect 
from tnmst social changes probabfy Interact wlin aging effects. 
People trlih nlgft levels^ of ability^ as young a;du>ts have gienerally 
been found to be more resistant to the effects of age oil 
cognition* There Is a we 1 1 *docuaen ted trend. towijd the enlistment 
of more and more Individuals o/ lower mental pat^gor.l es (as 
r,ea^ured by the /trmed Forces Qualification Te^t)> >t least s^nce 
1975» •!/ we combine these two facts* we are* forceVl to predict 
that those servicemen ano women who were r«^crq1 tedl in 1980 w|l|> 
on the whole* not provide as high a per fi^feag^ of .*iual i f I ed senior 
personnel* fifteen or twenty years hence*N^s ^td the cohorts* 
recruited jn the 1950s and 1960s ^hen they/ r eicljid their thirties 
alVo for ^"l est ' ' ^ ^ y . 

CONCLUDING COMMeNTS, * * ' /; 

Pecountllfig 'all the' possible desJ gn , 1 1 aws/ tnat can afnlct 
research studies can hav^e a* deadening erf-a^^tj [his Js true or any 
MeU» One s»«p*y cannout tl^row up onue's IjacM^aJid say "Nothing 
"can-c\e learned;" Human jglng Is a natural i»ha>v<imenon that -wilt '.jjfc 
never be studied in. a controlled laboratory cnvironnentt The "'T^ 
laeal exper Iment^al design Is Impossible to achievet The concept-, 
of aging Is itself netfuloust To what extent should *one be 
concerned only with the aging process J tse If * and ^to, whet extent 
shoulo one be concerned with l^fe^eyents that- are not aglng.# but , * 
that are statistically associated with age? In tfie following 
sections we shall review many itudles^ None of. tnem will 
unequJvocaHy. -determine/ now cognftion changes fr.om 20 to 60' 
takea toge^Hair* 'they present a coherent picture. 
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PSYCHOMETRICS 



This section reviews the literature on age cnanges^ln 
.Intelligence* dS m^asureb by tr adit lonaT psychometr Ic tests* The 
•^psyctiometr Ic" llterAtufe, is typically contrasted to tne 
**exper tmentat** literature* V(hlch#,re^orts the investigation of 
cognition *oy^<i lassie experimental methods* Thl$ sort of division 
of Knowledge Is a taxonomy by method of^ Investigation* rather than 
a taxonomy QoptenJt It Is necessary because differences In 
metnodology have leao^jto dl^tferences in theory* ^ ^ 

' ^ . • ' i • ' / • « 

' Although "tne term •^psycHomc tr Ic methofis** nas come to connote 
group admlnl^trat'ron of,pa|>er and penc 1 1* t>sts , of knowledge* 
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r e8son'|ng>, and other * cogn 1 1 Iv e SKtlls> ihe tera orl^glntlly Jnplied 
the app I icat Ton of classical' ileaMjreaent theory to the study 9f 
cognition (Nunally> 1978)* ' Psy choaetr 1 c nethods Here developed so 
that Injilvldual differences In knoNledge and thinking could be 
fi<asured r^l t abl y byka stanaard set of criteria* Although sany 
**'P$ycholietr Ists** expincUly recognized that an understanding of 
basic cognitive processes Hould requlre'a syntnesis of inforaatton 
gathered frop the paper and pencil tests Hith data collected by 
other neaSuf ewent methods (^Thurstone/ 1944)# the psycHoitetr I s ts 
and experinental psychologists have gone their separ ate^nays until 
fairly recently ( CarrotJ and Naxwelf^ 1979| Cronbd^h> 1957)* 

Comparing tac^ tHO Kinds of stuaies can be confusing^ because 
of specialized Metnods and terminology* In expertneatal 
psychology Lho nental processes are dlst ingulsned fro« each othef 
oy shOHtng that different experimental manipulations proauce 
different effects* If the manipulation of certain stimulus 
characteristics affects one aspect of task performances but not 
the other tnis Is taking^'as evidence for different processes 
underlying tne tMO -per f orm.ences* The sane logJc Is used In 
P^s^cnomefr Ic studies of intelligences but thr exper lien te I 
Variable fs tt>e Identity of the i ndl v I dual s tested* iupposes as 
Is the cases that verbal problenji are haro for some peoples NhHe 
spatial problems are hard for\others* Therefore tnere must be ^ 
.distinct processes underlying verbal and spatial problem stflvlng*^, 

Nvf.A I thougn the lo^lc underlying experimental and psychometric 
psychology tWstmllirs the mani r^u I at 1 ops that are feasible and the 
data analyses methods that are used can be quite different* As a* 
results the tHO Jtechnofiiles cannot ^Inays be useo study the same 
cognitive processes* It Is hard to Imagine a pap^f and pencil 
test of the speed of vJsual perception* It Is'equally hard to 
Imagine a tno hundred person correlational study of psychophysical 
effects* Qo the other hands Hhere the technologies can be'^usea to 
attacK the same problems they ^re basically Studying the same 
topic* Therefores It should not be surprising If tne conclusions 
draHn from (isycnometr Ic.sttJdl es of I nte 1 1 i yence** parallet^ 
conclusions from experimental studies about '^cognl-tTve processes*** 

^Indeeds one can regard a comparison of conclusions drann about 
aging and its effects upon co^Jnltion as a rougn cnecK on. the 
vfatidl<tx of each methofJ^ 

CcTmpared to the experimental technology^ the psychometric 
technology has Doth a marKeo advantage 4|inu a marked disadvantage*. 
The advantage Is that testing procedyr e^may be used nlth much 
t^arger samples*. The large sample reduces the likerllhood of 
obtaining an age effect because of unusual performance by a fen 
Individuals* It also maKes/lt possible to exercise a great deal 
more control over popul%tloa variables that' may De confouaded with* 
age/ This Is In marked con tr as t . to many experimental studies^ In 
Nhlch Investigators have 411 io,o often abandoned any pretense to 
representative sampling froir dTrferent age groupss and thus have 
committed tne confoundlngs that Mtre. discussed Id tne comments 
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aboife concerning cross-sect I on^l designs* In coYitrast^ there 
are at least soae psydho«etrlc studies that have attended^ 
carefully to the oeflni t ion«*of the population to be sttTaied^ and 
to tne use of a cansts^tent sampling vrethog froa different age 
groups. nI thin that pofUil at ion»* F/jr ther Aore# the psychometric 
DtMature Is not solely dependent upon cross-sectional studies 
for Ipf etenCtts/^on age effects* Longitudinal studies are more 
coflinon in, psychometric thali i n ^exper iment al psychology* On 
occasion psychometric studies have used sophisticated 
conb jnlatjons of^ross-sect l6nal and longitudinal Jeslgns# and 
these h|iv<f>roven Informative* Were these methods to be applied 
to exper imerfia^l studies^ the cost would generally be prohibitive* 

The 'd Isadvantasfe of the psychometric method Is that the 
behavior r^cord^d Is usually «a gross one^ tne total nu'iber of 
Items cofrr^t on a particular test* Such a suoimar I zat 1 on loses \ 
k^reat deaTdf^ InfBrmcitj on , about' the cognitive processes that are 
a^Uea to s.qlve different problems within a t^st\ Consider a 
cfmmonljf useti psychometric for measuring spatl(ar abl Mty* ^People 
are asKeo to compare rotated figures to some conparlson figures 
and to oet^rmlne whetner the figures. are identical* The test 
typically includes several different f I gurjes^ <9f ten a different 
one for each Item* A person's score Is getermlned by the total 
number ,ut items comp^l^^ted In a flxecl time perlo^* It has been « 
foufid that older peop I e' compi ete fewer items than younger ones* 
Tne, age difference In performance might reflect an Incrjease in t^e 
time needeb to rotat'e and cojRpare the figures Inside the head> or 
It nljht reflect an 1 nao 1 1 1 ty .to. ^sirall re a rotation altogether 
for some f^lgures* tkon differences night be largest for certain 
types of 'figures* UhHe sophisticated Item analyses can Defused to 
investigate these Is'^ues^ usually no such i nvest 1 gatj on Is made* 
The Intorm^^tion needed is usually Jose In the proc«<ss of 
calculating the total number of correct Jtem responses* However^ 
^s He.sh^tf i^ee below^ experimental mooeis and te6hril<)ues ma^Ke it 
possible^ to determine the locus of Individual differences In 
spatial r^^ation of Images irore precisely* ^ 

Hore ^e^ryeratty/ when we compare psychometric to"^ ^xper tmenta I 
data weo/ten find that> although the nature of the defining 
Difference between gV-oups (e*g*> young ^s* old) Js tfheVy. to be 
more cl ear ly st^ited tn a psychometric s\udy^ the theordtic«,l 
exp tana t^u<l of the denenoent variable is often more speculative* 
Since tt\% ^dvantdjes. the one techitology are the disadvantages 
crf the <oxner^ perhaps tne most enlljntenlng findlrfjs a/e those in 
whlcTi tn^ psy.phometr"i c and experimental conclusions cbnplement ^ 
each othec* * ' • ' 
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Cross-sect lonal ^tudi es of Inte 1 1 1 gence' have repeatedly 
produced., resul ts that BotwInlcK (1977) has referred to as the 

" ; . '\ . ' ' ' i'7 -10' ^ • 
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FigAre 2/ Hech^ter i^dult Intelligence ScaU (HAIS) I.Q. scores a 
• a function, of age. From, data presented J)y Hatarazzo, 
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^ct tss I c 'aslng ^a€tern«^ Perforaance on ttsts of vorbal ability 
shONS little change 'fron 20*60# ano nay .even Increase^* , 
Non-verbal skills decline Hith age* The classic pattern is 
illustrated In Figure I> Khtch shoNS the results from a large 
cross**sect loriat' study* The test battery Included a standard 
vocabut ary . test and a paper and pencil ««easure of spatial 
rotation* The sp.at^a| test asked Individuals to coMpar.e pai/s 
three*dl«ensional, figures^ conposed af^sroups of cubic blocks* 
The two figures nere either Identical or Blrror-inages^ rotated 
different orientations* IndlvlAluats are asked to .conpare £he two 
figures and deter«lne Nhether .they are Identical o*r nil r ror-»^«ad^s* 
As Figure 1 shoNS# there nas are lar^ge age differences In the 
spatial Measure but not In the vocaMlary test* A sinllar picture 
has. been obtained in studies using traditional intelligence tejsts^ 
such ^s th*e Hechsler Adult Intelligence Test (WAIS)* Figure 
shoHS the WAIS norns across ages for WAIS Verb.al and PerfornaOce 
scales (Hatarazzo 1972)* Note that the Performance subsCsle 
shOMS cross-sec^tional sge differences from roughly age 30 onH«r(t# 
Hhlle the Verbal subtest does not* Indeed^ Wechsler l^beled/hts 
Verbal j^ubtests **Hold*^ tests>. and His Performance subtests **6onU 
Hold*< tests# precisely because of the cross^s^ct tons I effect/s 
snoHn in Figure 2* 



psychoKietr I c literature for being "factor conplex*^ — /neaning 

th^t they measure multiple 
purposes It Is more useful 



The WAIS subtests are sometimes cr^l^zed Hitnin the 

y com 

kinds of Intel I Igencie^For many 
to consider performance.^ cognjfltlve 
traits tnac are more elementary than ulobal measures d^^qrbal and 
non*verbal I ate 1 1 f gence* S;uch tr^fts are som.etines c^^le 
"Primary Aoilltles** (Thur,stone# 1938K This complexity ««al> 
distorts underlying age differences Jp'urore basic levels <Jf ^ 
Intel 1 1 geuce If the age differences Here not consistent vor k . 
different Kinds of Intelligence* A prototypical pr Imary / ab 1 1 1 ty 
theory may be found In a review b^ Horn (i97d)4 Hno argues that, 
roughly sojae 30 primary abilities hav4 been rellaoly demonstrated* 
Th.is coincides Hlcti the cojjcluslon/of several other HorHers* The 
Educational Test.lng, Servlce'^^^-^i+tf^ly used Ref erenc^* Kl t / f or 
Primary K^ental A6i 1 1 ties .rtOH contains 23 separate. >tfsts/ (Ekstrom> 
French> and'rtarmif\> 1976)* Horni and- lev-erakirthe^ thejbrlsts^ 
have concluded that iome of Ke ab 1 1 1 ti es 'are arranged. 
nte.r^rchlal ly» Hith m6re primitive traits «pntr Ibutf ng |to 9lobal 
ooes> ?ucn as t*verbat Irvt e 1 1 1 gence*^ 
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Cr d$s*^sectlona-t studies have reported age dlffere 
several priinary abilities* Sput la i'-orr I entat Ion Jpd In 
reasoning seei to be particular ly- susceptible to age 
Schai^e^ '19?9J^ nther studies have reported cross^sec 
d If f erences on measures of perceptual <speed and flexl 
exainple> Lee and Pollack (.1976 ) ' r eport^ed sizable cros/s<»sect lonaj 
declines In performance on t'he Embedded Figures Testi/ Hhlcn 
requires Individuals to detect a* figure ^embedded Hlti^ln a 
concealing context* The results of studies usln^ tests of 
specific pr lmar>^ abl I It les generelly^^onf^rm to the /the classic 
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aalng pattern! tests of reisonlngi pr,oble» so4vlng'i' spatial 
^v.1 j^uaLl I2at i ofv>^ aiix]-.±hje^l Ike shoH^ greater cross-sectional age 

dtff er£hces7^an measures of vocabulary and veroal fluency 
'JBotMlnick^ V^"^^' 

Conclusions drawn on the 'basis of average data must be 
qualified by consl0erlnd Individual varUti^pn about the averaoe* 
Jhere are l^roe individual differences In psychonetr ic test 
per f oraianc.e among adults over the working years*. This will be a 
recurring theae throughout our reports Figures 3 and 4 chart 
crpss-sect.1 ona I age effects on the Raven's Progressive tfatrices 
testi a wloeiy used test of nonverbal reasonlnyi and the EII)^horn 
Hazesi h measure of spatial. problen solving (Heron and Chown^ 
1967)« Raven's test is of «part Icular interests since It is 
considered^ one of the oetter measures -of Indxictlve reasoning 
abllltyt Xi]idi viduals examine a sequence of pictures to discover 
the sequential pattern of pIcturjBSi and then induce what the 
pattern of <i. missing picture^ shou Id be« Figur e^ 3 s hows that 
average performance on th^ Raven declines wl th incTets ing egei 
beglnnifld during the 30*s« However> the (flot or ' ind i vMhj^I data 
snow Che lar^e range of individual di^feMnctiS in Raven 
perforntance at O'^^ferent ages* Note thtO 'in generals the spread 
of InolvioMal d I f f er er\c-^s Is large relative to the mean i 
I per f oroi^nce level; within each aye grqup« In facc^ some of the 
nighest , scores 4n the( sample were oDtalnOd by subjects in their 
60<s and oider* f=igure 4 shows that tr^is type of effect Is by nor 
means specific to. the Raven ~ the Ur^e Inolvidual differences 
are found -^or Eiitborn Hazes as welU The individual ditferences 
ooserveo on test per f armance ar e not'ranopmi they are reliably 
rel'^eo to otner char dcter J st ics of Ohe iodividual* This toPic 
wilt be cave>ed In more detail in a subsequent section* a 

Jj»y classic awing pattern represents the typical results of 
cross^^^t ional studlest iongiludinal stud^esf which follow 
Irfdividuats over a pje'rtod.of yearsi show much less decHne^in 
honverbai measures of Intel iigencet Indeedi\tne^ony I fudlnal data 
suggests that the decline occurs In the 6U*s or l^ter^ anq is not 
consistently founo for^^all Individuals* Longitudloal decUne^ 
where ic il'^ubser ved# Is apparently often a&soalated with declines 
In physical heaitli (Baltes and L9bouvte> 1973} JarvlH^ Eisdorferi 
an(t Bluirn 1974; Jqnesi 195%)* . \ . 

/{COHOKT tFrECTS a6 BPOlflcRS OF THE CLASSIC PATTERN ' 

In the section on methodol ogy^ 1 1 was pointed out tpi.t contort 
effecrcs could^ In tneory^ distort the pattern of age eflfects* 
Such effects do ex'ist> antj\i^ oot considered^ .may lead 'to* an ^ 
0 veresc ii^at loo^ of the size of age effects^ Tnis has been shown by 
a^b^tries of studies Qonducted by K*W* Scheie and nis colleagues 
(Schale^. 1^9>t fThese experiments represent perhaps tbe best 
fr^eVlyned' study of ageing ch^t is in the literature* Basicallyi 
inSchaie's group conducted a comb ined . iongl tuol nal and 
^/cross*-secclonal' l^tudy of members of a gr 009^ he^ai tfi planet 
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Figure 3. Score {Nimber correct In 40 minutes) on Raven^s Fr'ogres- 
slve Matrix Te^tT pl^trlbutlons for various ages. 
(Heron, and Chown, 1967). , - 1 
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Figure 4. Number corrret on Eliyiorh Maze Test, * Olstrlbutidn Of 
^ 7 scores at-varlous ages* (Heron and Chown, 1968), ^ 



Agtt\g and'Cognltlon 



Thurstcme^s test Of five pr mary/abi^ I ties yerslo^^ V.as 

ttdninlst^red to adults of different ages (^^ross-sectlonaf 
saiiple}t These iadlvlduals Nere then repeatedly retested over tint 
(longitudinal sanpliag)* Every neN testing^ a neN cross^&ectl onai 
sanp'le nas taken^ and tne nen sample na^ also follONed 

^longltutJlnally^ beglsnntng ntth tha tlne^of first testing* Thus 
jSchaie and his oollei^ues produced parallel I on^^l tudt nal samples 

I'ln different cohorts* \ 

Soflte of tne results fron Schaie^s study are shonn In Figure 5« 

As 4n the classic patiern> verbal perforsanoe (nere identified by 

a vocabufary test) declined only late In life* The najor 
d Iscrep^^ncy ~f r OA the ci^assic pattern may be .seen in the data for 
spatiat orientation and inductive r^as^onlng* ScnaJe^s measures of 
.these abl 1 1 ties ^sho^ed little age-«specif ic oeclln^ until age' 50« 
Taken at face valuer Schale*s a^ta syggest^that cross^sect l^ona I 
4 findings of»aje differences fror 20**50 are Iarg6ty oue t.o cohort 
effects* What miyht nave produced tnese cohort ^ff^cts hasi not 
been' determined^ 

Schaie's results have generated a ^reat deal of controversy*^ 
The Issues are exenpllfled In an exchange betNeen Horn and 
o'onaldsoru (1^76) and Baltes and Schale (X97A)* The controversy Is 
ov^r the source of the cr oss*sect ional age differences^ and 
Hhetner Sc/iale<s data shON snalU but -re 1 1 a&^j»# declines during 
nioale aget Fron an Industrial vlahpoTnt^ the resbJutlon ot the 
tneoretlQal debatje may not be too i«i,poi; tsnt* Tne practical 
quest lon^ Aemal ns* If He Hlsh to pr^edlct chan^ges.of cognitive 
capacity & (^articular Hork force for a particular tUe periods 
both age and xonort afreets* Aust be Knonn* More part I cu ) ar I yf 
. constder tnjt problem of predicting the future cognitive tapacltles 
of senior pWsonneU 'fir ann from today's cohort of military' 
recruits* ^To do tht^s. Me neeo tl^^KnQH any cohort effects over tne 
pefiod o< interests the conort-speclflc distribution of initial 
(.time Qf r ecVui tlnent ) test scores/ and 'tn^^ extentAo Mhlch age 

\ffects interact Mith initial ability* * ^ 

There Isp hoHever^* an Important quaj ir Icatlon to tt'e^Scnale 
et ai* results* Tne i^enerattty of the age trenos is restricted to 
the particular tests used — Thurstone»s*1948 fHA. These tests. 
nave# in tne terns of psychometr I c test theory^ hijn sp^eed * 
compoii^ents^ artd (relatively) I^m poHcr po^nponents* In other Nords# 
the test^lte^s are not par t leu I ar ly difficult (especially for the. 
tf^rbal and Humber suVtests}t Individual differences are determined 
more oy hON fast one solves toe problem;^ jrather tnan ho>« difficult 
a problem one Is'capable of solving* The tests nere designed to 
measures at least io Part^ t<oN qu^icKly one can ' thi nk about 
particular Kinds of problems — so tne high spewed coipponents do 
not '^Inval idat«** «he results*. Th^y dof hONever^ limit tHe 
inferences ^ne can (tran aoout \the tests* The limitations could' 

.cut ooih Hays*; /On the onei K|iia# It-is possible ^hat more dfflcult 
t^^sts measuring^ spatial vlsiiall zation (sucn as .the .ETS "^Paper k 
Folding fest) or Inductive reasoning Nould shoi« tarser and earlier 
»age oecllnei tnan Sch)))e fouDd> 6veh If the same study design Nere 
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used* On the other hand^ tne fact that iji»^ends to produce.t 
sloHlng in the speed of cognitive operatlpns (see b^tow) might 
suggest that the aecltnes lo/PHA peirforoitnce .Scnti e does find from 
age 50 to 60 indlffitp s(oi«ln^of certtln cognitive operations 
rather than a toss In, the ability to visualize object ^otatlonl 
reason Induct ivelyj^i^ etc* Sequential data on tests' other than 
Thurstone*s PHA woufd be needed to address these questions* 

V 

Trie FLUIO-CkYSTAi-llZeb MODEL Of- INTEllIGENCt AMO AGiNG \ 

4 

The classic aging pattern Is stat^tf^ In terms of age. effects on i 
verbal and non-^vefDat I nte I i Igence* An alter/iative 
conceptualization has bee/i proposed by Cattell (1971) and Horn ^ 
(197d} Horn and Donaldsons 1979)* They distlngulsn between 
cognitive competence based upon the application of prior learning 
to tne present situations and cognitive competence based upon the 
development ofynew protlem solving methods devised to meet 
currents and ^rnaps novels demands* These abilities are called 
crystallized and'fluid Intelligences respectively* loCatteJi and 
:Horn*s teroiss most verbal tasks test crystallized Intelligence* 
The capacities tnese tasks requ i re^ ^such as^defl'ning words or 
analyzln^g senterfces> are based upon well practlceds 'culturally 
defined prob tern so t vi ng routined* Pluid intelligence IS' i^ofe 
lihety to be tested oy the relatively novel Requirements offiany 
nonverbal testss such as the Raven.'s Hacrlxs in which an atftempt 
is u&ually made to avoid presenting problems that have culturally 
Defined solutions* The Cattell/Horn mod^l also envisions other 
types Intelligences such as* the abttUy td thlnn quldkty 
(cognitive speeu) and th^ abitity to Image a visual object 
(visualization)* We shall be little concerned with the other 
Intelligence typess howevers for it Is fluid and cryVttlMzed 
Intelligence that are most Important in the jnodets and which « 
flyurc artst prominently In the model's representation of age 
effects up^n I nte t I Ige^ce* 

Horn ^and Cattail argue th%t crystallized Intelligence 
in^^reas^s over the adult yearss as people gain a better grasi^^^of 
cuitur^al Knowledge* They also argue that fluid Intelligences 
oeind a more fundamentals **blol og Icanybased^ ability to perceive 
relations In r\ew informations decjines from early adu.lthood* 
Figure j& Itlustrate'S the different awe trenos for *the two types of 
abil^ity* The data are tanen from a «rosi*sect ional study by Horn 
aTio Cattell (1967)*, Scores for^fluid and crystallized^ 
Intel I i genc^e were calculated by summing scores from primary 
ablltiy tests thought td relate to eltner fluid or erystaltlzed 
(ntet I tgence* Hot surprlslnglys ^Figure 6 shows tnat ti^e 
cross-^seot lanal pattern for ftula and crystallized scores closely 
correspond to the .cross-secti onal pattern of the WAIS subscales* 
\ ^ ' - ^ ^ 

Trie ^Iui4i-*crystall Ized model or Utel I Iger^ce leads to tne 
Intuitively plausible notion, that one should not speak of general 
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Figure &. Changes in Primary Mental Abili'tles scores « a function 
of age., and birth cohort (Schaie, 1979). ' _ 




Figure 6. Mean factor scores jon* fluid and crysta11,tzed Intelligence 
' as a function of age. (Horn and Cattel 1,1967). 
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detline or Increase J.n xo'gn It I ve &onpetence« Rvtner^one should, 
ask «ore about expres'slon .of ability In a particular sltu.atlon^ 
Is jt i situation Ijv, wh ich .ther e are cultor9#ly defln.ed pr.oDleM 
solving flj^et hods- that aay^ be appllea to aphUve the ueslred result? 

If a healtivy older person would be-ait- Jea5t-js_ad^_t_w, a 

youftg per^ony because the older person hTi r probabi y. have mdre 
K?iOHledge about the prior utility oj different solutions in 
smilar ^situations* In somt causes the Taiae level of ,conpetence 
alght be achleved^n different »«ays* nider people houIo be more 
likely to apply relevant past experience^ while younger people * 
Nouid^be quicker, at devef^lng a new solution to the probl^n* 

The conceptual dlfferei^tce betneen the crystal 1 lzeo*^lui d 
dij^ttnctlon and tne ver ba l-*nonver ba I distinction has^ Inportant 
practical Impl tcations« If the' crucial variable fs experiences 
ar^d not tne extent to Nhlch a probleii requires^ verbal skills^ then 

'one would expect to find situations In Nhich older persons Nlth 
appropriate experience Nould maintain sKll/fTTn nonverbal 
situations* To Illustrate by hypot het Ic^ e^aAp I es consider the 

j^ase of an aircraft wechanlc^Nho As asslglTetr^to recruiting duty> 
and then is returned to his specialty at^ge 40 or ^Ijice tool 

use is a spatial skill (*!cGee> 1979)# proponents, of the 
ver bat-nonverbdl distinction would predlct*,^at tnere should oe 
deterioration in the neohan Ic's skill* The t iuld-crystal 1 1 zed 
model Mould predict that> If there Is ^substantial similarity 
between tne current task ano tasKs assigned prior to the 
tnterrupt^^^in tne nechanlc*? career^ then the mechanic should 
nave I I tt le pr ob I em In appjying old skflls tb nasterjhe new task« 
The praqtlca-l Intergr eta*t Ion of the debate r evo I ves "^^ound the 
question of vrhether older personnel should be snlfted tOMdr^o 
ass 1 si^nmeats Invol^vlng more veftA^I tasKs# or maintained in familiar 
assignments even If. they require spatial skills* It the 
(^luid-crystal I Ized models Is corrects an effort should be made to 
ensure greater continuity of procedures and demar^ds In duty 

^^sJgnmen^of older personnel* A similar tn^dument would be made 
rei^ar dJ ng tVe opt ImaT-tr alnlng techniques for older personnel* 
Assuming the fj u^**cr ysta Tl t-zed distinction td be trires one Mouid 
argu^ftnat npnyefbal training techniques would.be acceptable for 
oJdejT personnels providlhfl that they utilized cyncepts and 
KT^owitb^ge^ f aml>Tar ta the trainee^ Jndeeds * a/ven traln^ees of 
averages (or bteloji ^^rage) veirbal^nte 1 1 Ide^nces It Mould tfe 

"fooilsn to pfovlde training by purel/ verbal methods (e*g*s 
reading training manuals) because there h^s relative maintenance 
of ver bal ski i Is with advancing* age* U * 

^ The uurren*t titt^uffi is Inadequate to distjngulsh betneen^ 
t;he verbdi*nonverUa( ^and cr ystal I I zed*f lu I d explanations of I'he 
CTI ass i ^ ag t ng pattern* While one can think of tasKs tnat shlouid 
be jrecbal-f luld and> Hith somenhat more atfficaltys tasks that ' , 
snoulo oe ncnver bai*c£rysta I 1 Izeds no systematic study^ of such 
^t.^k5 has been conductecTT 

^efor* «>oving to other aspects of tne literature on 
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i ntel l^ence^ jNe enter a reservation ooncernlns the classic aging 
pattern^ . A person taking a psychometric test Is faced Nith a 
particular prooie« Mlving situatton>^ and must develop techniques 
for coping Nith that situation **tn the spot*** Test-s of verbal 
l^tettlgence a^K p^qfH to read paragr»phs> retrieve the 
definltluns of Hords^ etc* Nonverbal tests typlcllJy present 
adults ^Ith rather novel problem solving situations* This Is 
particularly tr^e of the so called ^cu lture**f alr^ testsi Nhlch 
explicitly seek to mliMfalze capitalization on previous knoNledge^ 
Horn and Cattell Hould argue that this Is precisely the Source of 
the crystal llzed^fluld difference* But there Is an additional 
confounding factor^ the amount and recency of previous experience 
Individuals have Nith test taking* rjpung adults Nho have recently 
been In school nIII have had a .good deal of experience dealing 
Nitn testing situations/ and probably develop skills to cope Nith 
them.. Older persons^ Nho may have haa less schooHng^ and almost 
certainly have not recent^ been In scY>ooi# probably do not have 
tnese skills available* Is It possi^blei then/ that the apparent 
decline Infiuld Intel I lyence Is an arlalfact that could be rembved 
by proper training? Tne Issue Is a conblex one* There IsJIttle 
doubt that older people can Improve therr absolute scores Nlt^h 
training {e*9*/ Wlllis# 1981)* Improvlrfb test s^otts/ hoNeveri Is 
not the point/ unless the improved score:; also predict performance 
outside the test situation better than d^ the scores obtained 
prior to training* 



l; 



CHANGES IN TMl STRUCTUE OF lUTELLlGENCl: MITH AGE 

The ''structure of in te 1 1 1 geixce** reffrst to the reTatlons 



betNeen different psychometric abilities/ 



Nhlch Is in turn a 



function of the relations betNeen those at littles end the more 
basic cognitive capacities that determi n^ . them* The correlations 
amonjrf, perf orm^n(fe on measures of differeni pr imary abi 1 1 1 i es are 
said to be d'etermineff by the underlying intellectual structure* 
Spearinan*s famous '^general plus specif lc**| theory of intelligence/ 
the Cartel l-*Horn model/ and Thu^-stone's p/rimary mental abilities 
m6dei ace all, moo%|ls of the structure of Intel 1 1 jence* Alfhouph 
most studies of a^e changes In Intelligence nave examined age 
changes in me.an ability levels/ some studies have asked Nhether 
there t^re fundamental changes In tbe structure of aoilltles Nith 
advanainy age* ' * * 

Studies ,of /oung adults tend to find smal 1 er « corre I at I on 
betNeen different abilities tt^an do studies using children* Young 
adults are more IJkely to be good at some skills and Roof at 
others/ Nhile ohi I drer^tend to be generally good or bad* Otder 
'aduTts tend to shoN less differentiation betNeen different 
abilities* Tt^ls hypothes I s^J^ ca I lea de-dif f erentiatlon tPelner^/ 
1970)* One possible acpount for thTs hypothesis/ IS It Is Indeed 
true/ is that age declines In oasic cognitive opera^tlons/ 
especially In their speed ^f execution/ tend to reduce 
perforuiance Hevets of older aoul^s on alt ability tests 
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correlations among • Primary 
HentA.T Abilities Factors 

Group 1 (Hean>aqe 30) 



1 

.334 



Group 2 (Heari age 42) 

V ' 1 - , 

S .296 ^ 

R .711 .479 1 

K .419 .248 .441 1 

H .508 ' .039 . 439 . 308 > 



Group 3 (Mean age 58) 

V ^' 1 
S ,,593 

R . \838 , 650^ X' ^ 
H ,666 , 528 •.627, 1 , . 
W ' .557 ,290 .505 ,450^ '1 



Data from Hertzog^ 1979. Only the lower half of the (symmetric) corre 
lation niatrix'ii shown,. Mean age refers to age at first testing in 
longitudinal s^uence, , 

( ^ ' . f . ^ 

Abbreviations: V - Verbal* 
•* * S - Spatial- Rotations 

R - Reasoning (Inductive) 
N - Number 

. , ^ - Word Fluency 



Atflng^ tnd Cogrtltlon 

(pijnnlngtfair mnd Birfen> 1981K T^Ktn to th« extrenei the 
dedlf ferentlation hypothesis tuples that tests of ability that are 
vtlld foT yoOng^adults are Inva/ld ror oKder adults because the 
tests are not Jieasuring the sant^ .cognl t f ve abilities In the two 
population^* This' Is an lnpOrtant issue for any «ethod of 
occupational^ scyeenlng^ of older adults Hhlch Is based upon 
coftventfl^nar ]l>syichoset> Ic tests* , ' ^ ^ 

EaMler studiTs of the dedlf ferentlation hypothesis used 
factor, analyt I d aethods to Isolate sources of association aaong 
jlifferin\ intelligence tests* This is a statlstlcair-technlque 
thac U jsupposed to ttrfcover the underlying dimensions of abilities 
tnat ar^ test'ea^ In dt^fferent Nays# by aach of a_ large battery of 
testst^^jhe dedlf f,^r^tlatlon hypothesis pr^edlcts that several 
dUensi^on^t will be uncovered by analyzing the data fro» tests 
giveh to young aoults^ and that fewer (perhaps only one) dlaenslon 
hIM &e fourrd in the data obtained tvom older ajduttsj The results 
of* ear ly^^^stuales testing the deolfferentiatlon hypothesis Here 
Inconsistent (8einert« 1970) Huch o^f the disagreement seeas to 
have been cue to dlfferi^nces in f act'or^ analyt 1^ aethods used froa 
studr to stuoy> ^rather thati Inconsistencies In the data Itself* 
Recent/studles have used ibore advanced methods to compare factor 
anajytic solutions obtained fron different age groups* A more 
CApslstent picture has emerged* There does'' appear to be an 
Increase In the correlations amorfg abl I i ty factors In late middle 
age^and old age (Cunningham^ 1980| Cunningham and 61rren^ 19&11 
Her tz&g#"*I.97y)* Tabletl reports correlations among fivt primary 
.abiLlty factors for three different age groups from the Hertzog 
study*. . The correl'ati ons among abilities in the oldest group Here 
uniformly Higher than the^ sai/e correlations in the youngest group* 
Notei^hoKbver/ that most of the changes appear to emerge from 
oiddle to old* age*- * *\ 

In spite of the changing correlations among ability factors^ 
the rttent reS4ilts Indicate tb^t the relationship betneen 
Jndlyl-duai psycnometric tests and the underlying ability factors 
se^in> to oe co'hstant into old aOe* This 'conclusion Is based upon 
the. obser vatt oh tnat tne regressions of tests on factors (the 
faciei: loadings) from^these factor analyses may be considered 
equivalent for different age groups (Cunningham/ 19^(^1 Hertzogt 
1979)* We iipay Interpret the changing ccrrrel at'lons , as an 
i/ldication of a a.odest form of *dedif ferentlatloni which is of 
^th^oretkc^l interest* Why would co'nceptual I y distinct abilities 
be,ct)iie more^ correlated with advancing age? However/ the major 
changes occur aft^r age >Q and# more Importantly/ do not appear to 
affe'ct the basic meaSj^rement prop^iVtitfS of the psychometric test^* 
The data therefore Cjciu:»es little fbocernf that age changes in 
in<ei leot'oal , structure tnvallidate the use of psyonometric tests 
for .Jdccupatlon^l Purposes for adults under tfte age,, of 55* 

The Hertzoj analysis/ ^ased uPon Schale«s tongltudlnar data/ 
adds another bit o'f u^efuT^infotrat ion. about th^e stability of 
mental performance* T^q studx found, that absolute variabtlllty In 
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% general Inttlligenct factor Increased from roughly age 40^ and 
that individual differences In Intel 1 1 geace were highly s^table 
across tne adalt t I f e spah» The latter^polnt has Indicated by 
correlations exceeding #9 between general i ntel I liienbe measured 
(ongi tudlna^ ly over e 14, year age Interval* This correlation Is . 
even higher than, the #7 correlation typically found betneen 
ado4escent an^ adult performance (McCalU 1977)# Hertjcog^s 
re^uJ-ts shOH that^ In spite of any age changes\ln level of 
performances the relative ordfitlng* of adults on a general 
Intelligence factor r eaeins Da?Tb^ly constant over tlae* They 
further show that average dJXf^renc^ between I'nolviduals in this 
general Intelligence factor Increase as they grow olCer# This 
finding is of considerable practical (sportance for selection of^ 
personnel* ..Given that two Individuals aiffer slightly in 
Intel I igence. at age Z0$ the prognosis Is that the difference mty 
be gre^ter^ but will be In the same olrectJons at aye 50% When 
considered In conjunction with the evidehce that high ibility 
individuals mty maintain higher wean levels of performance (tha^t 
Iss'shOH less age decline) than tower ability individuals^ these 
results provide a scientific rationale for Increased efforts to 
recruit higher ability leveJ personnel Initially^ and to try to 
keep then In the service longer. The Intelligent recruits today 
will prcb«ibly.be Intelligent (and experlenceo) personnel later* 
There Is ^^'nlnor qua! 1 f Icat Ion ^to this Interpretation of the 
Hertzog results* One must reeeeter that. the nigh ccrre I at I of\s 
between dUferent ages found In that study are for an lo'te 1 1 Igence 
factor defined by the covarlances among severaf Intelligence 
tqsts* Heasureoent error (see Nunnally^ 197B) will limit the 
between*-ages correlation (and h^ncei the prVdIctlve validity) of 
any single Intelligence test* .V 



Ut argued above tha^ the psychametric data provide useful 
global information ^bout age changes In cognition^ white tjie 
exper iftentdl data on age changes In cognitive processes provides^ 
in princlp,le^ a more refined picture of aging effects on cognitive 
activity. One; could also argue that a joint anai^ysls of 
Intell Igencre and Information processing capacity l^^needed to. 
explain more fully the age effects on psychometric Intelligence 
that are observed intelligence may be best underst^oocl when 
considered In light of laformatlon processing modek^-CHuntf 
>97o^i9c0)* Horn and Oonaloson (1979) also contend ttnit complex 
Skills such 4S triose tested In psychometric studies must b'e based 
partly ui^on acquired knowledges and partly^ upon nbre primitive 
I nformdt Ion process Iny capacities* .In somi of his 'studies^ Horn 
has attempted to measure these more primitive capacities^ and 
relate age differences In Information procej^slng capacity to age 
differences In fluid and cr ysta 1 1 izeo^At^e 1 1 1 gence« His data 
Suggest that the lr\>oraatlon proo^essTng measures are more closely 
related to fluid Inte 1 1 ii^ence^ a? predicted* Figure 7 summarizes 
the results of statistical manipulations In which the conultlonal 
distribution of fluid Intel I igence .are related^ to ages after, age 
differences in measures of attenTtoi^ and short ^ern memory ere 
netd conscant by part correlation* The dashed lines are t|^e ^ 





Figure 7. .Idealized plot of changes Inability. . (Kom and Donaldson, 
" 1979). Hote the lines labeled "Gf" and "Gc". These reTer 
i^'fSctor loadings on fluid and crystallized abilities re- 
* ' wectlvely. The upper fafn shows change In- crystallized 

kbmty obtained by holding various^ other age-sensltlye ^ , 
; yibllltlgs constant. For exanple/llne SAR reffers to 
changes In crystal! 1z& ability after allowing for age 
• chatiges Ifi a short "term memory factor. The lower fun - , 
shows a similar plot for the fluM' Intelligence factor. 
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adjusted age trends^ MhHe the solldjines are the 
trends^ There Is a significant reduction ytn the 
fluid lotelllgence Mfter adjustnenc for the ipforw^tl 
>^easur^s« While Me have reservat Ions , about tne 
xs^tdp and the use of p^rt correlation^ the general 
age trends in Intelligence performance are related 
In inforaatioft processing skills merits further 
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* The literature on a^e changes in psychometric Ihte I l.i gence 
suggests that there are cnanges during the .Morkln^* yeans In me 
performance levels on at Ijeast some abiMtlest Spatial abilltyj 
non verbal reasoning tests (**flu{d Intei 1 igence" ) seem *to .be 
particularly suscepti bl e^ ' Whether or not the drop" in ndn^verbal 



yf and 



reasonipa and spatial performance occurs before or 
a matter otf debate* Atthougli jthere are several cro 
st^ua4es tnat suggest that tbe drop begins I'easonaol 
adult life (roughly 30 to 35^^. tht^e studies nave n 
controlled for coho/t effects* The reports from th 
controlled experiments by Scheie et aT*^ in Hhlch cohort effects 
HtsriB ifl^sjred/ ^ug^ests that th^e drop begins place sometime past. 

Importance ot this question/ a * 
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VIrtuall.y all psr«|>b«etr Lc stuc^les have conclude/d that there Is 
consfd&rabl^stabi 1 1 ty In le.vels of verbal intelligence during the 
Horking years* 

/ /I 



SEkSORY pAPAClTIES 



. I/t sorae Situations people tunct lon^ impi y/ as detection and " 
l^cujnltlon dev.ices** Tne complexity of a detection and 
<ecujnltion task can vafy greatly from detect/ion of a signal *s 
(presence to ,1 dent I f icatlon of a particular srgnal in tlte presence 
of dlstractor^* Performance In primitive defection functions Is 
tfenerall> limited by end or&an sensi 1 1 v 1 ty^ .unl te perform-ance )n 
more coapl^x ^tasks Is llmlte'd/by central nelvogs system (CNS) 
funct lonl'ng* 8otJi the sensory end^organrsf ano t-ne CNS systems 
Involved In sensory Information analysis W>p«ar to be senslttve to 
^gTngft In some cases marked environmental effects are also 
observed^ t.hat may appear to be age effects^ a^ people (Ive in the 
hazardous eWlrpnments* As a .general rule/ sensory functioning /In 
al^l modal 1 ties, oecl Ines over the working years^ The details orf th)^ 
various changes have been documented for vision (POzard/ Wolf» 
aellf ncFarland/ an0 Podolsky# 1977| Weale> 19t/jp 19^5)/ audltl^on 
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1^9)> tnd ^lfictlon^(Eng^n> 1977)» We Hlircov.er vision tnd 
tudltlon only% .ts they ere by fir the io$t ^portent. 




VUiON-OETECTlON AND P£RIPHERAt EFFECTS 



Per(iaps the t>«st suBitry stiteKent ibout vision U thit It 
changes consi dertb ly JOver the working yetrs^ but tnat In the 
norial adult It renalns our lost reliable sensorjr system*' 

The eye Itself undeVgoes detectable Changes relatively early 
in adult life*' By age hO the cornea shows a loss of lusbre that 
Is probab/y associated with a change in corneal refractive power* 
There is also an Increase In the Incloince of^qornea*4 ^arcus 
senllls^^ a grey ring on the outer band of the cornea due to lipid 
accunul atl on« This condition occurs In less than IX of the 
populatlart before age 30^'but It occurs In about 50X of the 
population by age 50* Less obvious' physl cal changes are, also 
founo« Pas^t 50 the curvature antf thickness qf the cornea 
t^ncreases^ naKlng acul ty«*l Aoependent astlgiatl&is «ore IlKely* 
The pupil decreases In size froi adolescences , and the latency of 
Che pupillary reflex Increases with age» By 40 the lens nass^ 
vo^uMes and density has increased^ produclns reduceq accomodat lon« 
This changes Is linear i(Kh age* The lens yellows In colors 
prod*ucing a filtering effect on Incident light* The largest 
effects arre In tne blue«*gre<n region of the spectrun* The lens 
changes Its refraction Indexs causing^ 4 blurring of the retinal , 
luage* Given Chese ^henoR^ena of noriTaJ agings It Is hardly 
surprUIng that fiitfdl e«-a»ed tennis players, conpl ain about outdoor 
night ilg^tlpi])^ On a oiore serious notes it Is clear fhat physical 
changes in the eya oo produce obsarvables al though to I er abl as 
visual problems try the 40s« 

In aodition ^ the normal proMSsas of organ deteriorations 
tITe rIsK of pathological change liVoVeasas with age« Glaucomas 
cataractss a^d most serlcTuslys retJhal deterioration due to 
untreated alabetess are ser louS|>pfOd lens beyond 45* 

The net effect of the.s^ end organ changes Is to produce 
easily measurable changes in ^ens It l.vl ty and Tn Ught«-dark 
coaptation Tn the middle ag^ed* Obviously people 1^ their 40s are 
not ollnds but the4r eyesight Is deteriorating in an Inoustrlally 
significant ■anrrer« The problei can 'be acute .If the^riiork 
situaci^on requires the detection of weak Signals ih low levels of 
I llumination^ eve'h after tUe has been allowed for dark 
adaptation* Figure & sumierlzes data reported by McFerl*an(t( 
Ooreys Warrens and Uard (1960) on visual sensl^tlvltx during the 
4;oc^ss of dark adaptation* The figurq shows clearly that both 
tne rate of adaptation and the asymptotic sensitivity after 
adapt^tloq decrease froi yd^th to liddle age* ThU# Is something 
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Figure 8,_ Thces.holdjf or, defection of light as a furi&tlon of 
^nd tlme^iln dai^k. (HcWrland et. al.nseo). _ 
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one shouLd be atia^'e of In settind standards tor perf/rmance In any 
situation* tnat cequlres .aoveaient fro* liahted to^KHenea area's. 

The glare produced by njgh lllunlnatlon also becomes 
Increasingly troubLesoMe after , age 40« due to Increased yelioHlng 
of the lens (Readlngr -I9<)8| Wolf and G,«rdlner> 1965). The 
. filtering of the. aging lens differs according to the. llght^s 
Maveiength. Adaptation to glare ffoa Mhlte light M faster than 
adaptation to yelloH light In ypung adults^ but the difference 
between adai»tation to Nh|t9 or yellciM tight Is reduced for olaer 
individuals (Reading* 1968.).' Thus older personnel should be nore 
able than yotinser personnel jtp benefit fl-on a hUMan*s relatively 
high sensitivity to y^eitott light ^hlle being less affected by 
glare. Whether this effect iwould be large enouljh to Justify use 
of yelfoM lights in soae env,lroniients Is a question that should be 
studied^ further* ' - ^ " ~ -|| 

Industrial situations In which people are asK«d tiTdetect 
visual signals in fixed fields are probibly rather rare. A aore 
coMMon situation 4s one In Which a perAon auist alternate between 
gazlnii at relatively close displays and searching a distant visual 
field. This occurs/ for ilnsftance* when a persort iisjst alTernate 
betneen looking out of 4 .vehVde ano gl.ancing at tne control 
*panei. In order to do trils* the eye, aust accoaod^rtne rip Idly td 
vision at different distances. Foraal I y/^ accoaodati on Is defined 
'as the ability of the eye, to focus sharp r«t*ha* iaages of • 
external objects Independent of object distance Clfeale* ^9%^). 
The data shows that accomodation froa^ar; vlsH>rr't*o> near vision 
deteriorates^ with age (Bruckner>19671 « T^Js charvge^^s otttt'nl 
referred to as "presbyopia.? XbevSnart»ost^ dec Whes occur/ifrortly, 
/Irter age 'iO — there Is a man atfMaodat ion c6rfA«e of froa 5 to^ 
dto^ters froa age 40 to age '55. This chtn'^e i^dteates that the,; 
average .year old can chaoue focus frdji^ihe/f ar ptfint to a hear 
point of aoout 6 c»;» but tfie avarage SS'Jjfiifef/ old can. only shift 
fociivs t« a near poln_t_of abfut 50 ck* Ob'^eb^^CloWr than 50 ca . 
can^o longer be aalntalned. in sharp focus, -c^eri Is also 
evloence that tne ability of the eye to accoajodate can^ be affected 
.by. the envlrooaent* fpr Instance by JOng tar* doty on submarines^ 
./(Kinney et aft Note 34. Th* possibility \hat age changes In 
^ vision can d^' exacerbated b^ part leu I ar .enyi roftoen^s should be J|k 
given more study. ^ * ' W^' 

] ' • 

Presoyotlc changes kn visual near polnl't appear to be 
paused by chenges^tn the shape of the eye* senile degeneration of 
the ciliary body, and ocul ar'<muscl es* and loss of flexlolllty In 
the lens. As Is well knpwn* these cTianges also can result In 
refractive changes whloh^^tiS^ a deterioration of visual acuity at 
the near poifft/ Put simpiyv the magnitude of the optical 
correction required for reajding Increases exponentially as a 
function off age (Veal^f 1963)., By age 50 a significant proportion 
of the popujiatlon requires glasses with a reading correction 
(Bernsteln-j-arra Bernstein* 1345). Visual acuity for far vislpn 
als^ ^hoj^^a decided drop with age. Figure 9 shows age stratlfj^^d 
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data on visual acuity ft the far Point (20 toot distance! compiled 
by the National Center for Health Statistics (Oepartnent o^ 
Healths Education^ and Welfarer 19.77)* There Is a sharp decline 
after aaes ^0->45 in the percentage of individuals having 20/20 
visions and V corr«spbnding I ncrease Jn the ^rcentage of 
Individuals Mith ZOpO vision or Horsib* Experinental tests o' 
visual acuity also/^hoM age declines/during Middle age (e*g«# 
CrlKsen# HaaiNn>/tfnd Brei t|i.eyer« 1970)* 

» \ 

' The preceding data showed age chaAges in stat^P visual 
acOity> or accuracy in perceiving the features of a stati^onalr'/ 
object* Dynanic visual acOlty* is defined as accuracy In 
perceiving features of a Koving object* OynaRic visual acuity 
alsx> declines Hitn age* Burg (1966) and Heron and Chown (1967) 
tested dynanic acuity by haVing observers dlscrlwjnate features of 
an ooje'ct rotating in a fixed position in the visual field* 
bursjis uata'tFlgure lOA) tend to shoM earlier and target age 
aeclines in dynaMljttbicu i ty^than Heron and ChoHn*s (Figure iofi)* 
The dj t fer ence .nayflPe due 'to the range of visual acuity tested*' 
Burg's targets subtended saaller visual angles than did Heron and 
ChOHn's* Regardless of the detai Is^ tne existence of an 
,<ige-reratecl change in dynaslc acuity for a rotating object Is 
clear* * 

Reaoing (l<»7<i) had ^observers (20-30 years; ^0-50 years) track 
« target Moving vflih varying angular velocity across the visual 
flelo* Tne task was, to detect the, presence or absence of a snarl 
gap in an oval* The data» shown In Figure lit foMoH the function 

3 • • . . ' 

(1) Y • rt + NX * . 

Where Y is resolution acuit-y^ X Is the angular velocity (In 
degrees/sec*)f .H Ijs an intercept par ameter "(corr esponding to 
static acuity at X -'0)/ and N Is a dynanic acu-Lty parameter. 
Reading found that separate rt and N paraneters were required for 
the two dje groups* Tne static acuity parameter was lliZ greater 
for the 40-^0 year olds>, while the dynaBl.c acuity parameter was 
abou^ ^Ot areatet^ The two paraneters were virtually 
uncorr el ated* Thus> Independent, age changes In both .static and 
dynamic acuity were found f.ron age 20 to age 50* ~ 

Anotner age cnange in vision that nay have nllitary 
IMPI iCdtionTis the snrlnKage of the functional visual flelo 
(Bui^# ,l*»6tii Mplff 19o7). Wolf's data suggest that the shrinkage 
rate Is greatest after aye 50# aithougn snail cnanges do o,ccur 
earlier in life. It iVwefi Known that the orienting response to 
,a Aovlni^ ooject D-eyono tne point of focal attention involves 
'mechanisms associ ated' w I th .tnot i on detection Ip tne periphery* 
Whether tne restrictions In the funcllqnai size of . the peripheral 
visual rielQ would Inpalr an older p'ersons*s abjitty t6 detect 
sucn objects (par/t 1 cu iar t y In conjynctlwn with reduceo aynamic 
acuity) IS an important* yet unanswered* question* , ^ 

* >' " . . '/ 
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Figure 10a. Dynaak visual acui^j^ Minimum gap In ring detected 
' ^ with target iDOVing at the angular valoiilty indicated 

by the- curve jiarameter. Data fr^ Biirg^{1966). 
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Figure IQb. Dynamic visual, acuity: .Hinlmum ,gap In ring detected with 



target moving affhe angu^Ur velocity Indicated by the 
curve parametei:* Data from He/on imd bhown (1967)1 
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PYNAMIC VISUAL ACUtTY AS A* 
* FUNCTION- OF**TARGET VELOCITY 
^OANDOLT C TARGETS) 




'0 20 40 '60 ; 80 100. 120 140 160 ISO 
Angular Velocity j[degr«es/sec) ^ 



U. Dynaihic visual acuity as a functlc^ of target velocity 
. and age' (open squares, observers 40-50* clos.ed squares 
observeR^' 20-30) . . ' %- - 

.Data froB) Reading, 1972* 
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• Npt all aspects of vision shOH Urge declines during or 
befx>re rilddle age^ Oepth,,necjcept Ion ^Appears. ta,,be ^stdlxle .untH at 
least 4gje 40 to 45« The age chenges In depth percepUor\ that, have 
been reported appear to have been confounded Hith ageT^change^kjj n 
accottooatlon and convergence/ and are not age changes In deptn . 
perception j^er se (Bell> Uolf# and fiernho Iz^ 1972)« 

To suttttarlzef age-related changes In ttie eye result In 
cnang^^ln aeny visual functions^ Including dark adaptation/ 
accoiiooat ion# st«tt1c and dynaailc aculty# and functional size of 
the vlstSat fields Vhlle these changes are not large. enough to 
Harrant e general rule that ildole ad,ed personnel cannot or should 
pot do particular tasks# .they, are large enough to warrant extended 
testing of visual capacity beyond the ttlddl e thl rt les« This \% 
part Icui^ar Ijr true If person fliight be assigned to duty requlriryg 
a high feyel of vision* We eaiphasize that standard test of static 
acuity^ su^ch as th e faail la r eye chrfttf KOu ltf' probabf^ not be ^ 
adequate as a predictor of perToriance for »T^dle aged^personne I • 
This point IS underscored by results reported by Slvak# Olsons and 
P^stalan (1981)« The/" examined age ch^dses. In night vision for 
reading traffic signs in a field situation* Thc groups of 
in^diyiuuais (aean ages i3 and 66) nere required to discriminate a 
snail retroflect sign While driving or riding In a car* The 
groups Here matched for static acuity at high* brightness levels* 
Sivak et al* found the greatest distance at Hhlch the ^stgn could 
bie read by tne .young and olo drivers* The greatest distance for - 
*^the older drivers hSs orTly 6% m% that of the younger drivers** 
^In teriQS of , runct I ohi ng# If oloer and younger dr ivers Here 
traveling alonu a ro^d at tne sane speetf^ the older drivers nould 

* have less tline'^to^ react to a naming sign* Perhaps the mpst 
important point of the Sivak al* study Is that the funci:lonal 
disparity In vision shonn between jpid and young in the. driving , 
Situation was not predicted by their equivalent performance in a 
high brigli.tness test of static acuity* This Is consi^tint with * 
data'on driving behavior in flefd situations* Hliis^l980)> in^ 
revlening the Mterature on perceptlor^ and drivings notes^ that the 
breakpoint for age«»related Increases in accident rates coincides 
Hit^ the a^e df increasing decline in dynamic vassal acuity* the 
Qorreiation DetNOerx oynamic visual acuJtX and driving accidents is 
largest in older populati.onsf lihlle the rVlatloh to ^statrc acuity 

* femains Ioh (MIIs> l^bO} Henderson and Burg/ Note 4)* ^ 

CENTRAL CHAN&fS IN VISUAC INFDKHATION PROCESSING 
^* 

\^ ^ ^ The vT^uai i^ervOus system Is orgaai 2ed "into a highi^y complex 
J netHor'K of v l&ua K**ch3nQ6ls>** hierar cnic«l I y^ ordered netHorks of 
orain cells deslghed to.be sensitive to specific visual features 
\ In precise sp.atlal locations In the visual field* VIsua 1 channels 

are selectively activated according to the sal lent properti es of 
.the visual stimulus/ ^fpeclally slze# or I ehtat 1 ohf/ contrast ratlo# 
and spatial frequency* Recent eividence collected by SekulefA 
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Hut«an> ano Onsley (1980) ^ugjgests greater age decline In the 
sensitivity of crfannels tuned to Ioh spatial frequency 

InfoxAa^tljoaf .^SeML«J.J».t_aU„e)^^^^ ability of old ana young; 

subjects to discriminate vertical gratings vary4ng Fn spafCal 
frequency (frequencies ranging fro« .5 to 16^,cyc I es/degr e^) # 
There Here no age- differences at hUh spatUI frequencies^ but age 
difftrtncas in contra'st sensitivity emerged^ and Increased 
progressi vely> as spatial frequency decreasedt These changes Mere 
not a function of ocular pathology or poor visual acultyt ^ Horc 
Mork Is needed to determine the age at. Hhlch this charige tn Ioh 
spatial frequency s.ensltlvlty occurs^ and to determine nhlch 
^ levels- of the visual} nefvous system contribute to the effectt 

Other reports have Indicated age decl Ines Jjj the quality of 
visual Information processlngt Szafran (1968) examined 
recognition thresholds for shapes> numbers^ letters^ and nords^ 
using young and old commercial pilots as observers* He Calculated 
cnannel capacity curves by plotting output information (in. bits) 
against Input Inf ormatlon-. There nefe «nali# out reliable agn 
Changes. In the Inf^rmajtlon transmitted^ although individual 
differences Here la>ge relative to the size of^the age effecftSt 
These and other results led Szafran (1968) to suggest that' age 
Changes ^n visual information analysis are a function of age 
increases In the level of internal ^neural noise*' In the visual 
systen* Gregory (19&7; see also Vlckers> Nettlebeck# and Wilsons 
1972) ^aovanced a similar hypothesis^ based Aipon some evioence of 

J age -changes^ in^^fliBT^jnLt ljULiLhrjssh ' Al though w t dejl y_ c^l ted 

(6tgt> Welfuro I98l)# the neural noise tiyp^othesTs nas yet"^o 
receive a definitive testt Indeed^ ne regard the data of, Szafran 
(i968) and Gregory (1957) for age changes In the accuracy of 
visual olscr Imlnatlon as prellmlnaryt ^ 

There is good ev>ldence for aoe.chsnges In the speed of 
Information processing by the visual channels* Most studies of . 
the st^eea of Identification of visu-al s-tlnull use sone variant of 
an exptir l<nental paradign known as visual masking* The eventf In a 
masking stuoy are shown In Figure 12. First a tar get »st Uulus Is 
presen,ted# at an intensity that would ensure easy oetectl.on were 
it to be ie'rt In front of the observer Indefinitely. The target 
stimulus is folloMeo by a masking stJnUlus (or "aask**) Hhlch 
overfioes the visual Inage of the Initial stlnuius* The ti«e 
Dctween initiation of the stimulus ano the mask Is cajleo the 
bti.%uius Onset ^synchrony (SOA^). The SOA can be thought of as the 
sum or two partsi the tine the target Is dlsplayeo/ or the target 
ouration (TD)» an^j the oeao tine inbetMeen the target and mask* . 
the interstiMulus Interval CISI). The purpose or a masking 
expertitent Is to oeternlne the sbortest SOA (sometimes* the 
Shortest ISI) at Hh'ich an observer can make a reliable 
Identification of the target stJmutus* this shortest 60A Is 
called thtf.na*kyig thVfisnolo. It «\ay b,e us^d as a measure of the 
spetfo of visual identir ieat Ion* 

Turvey (Turvey* 1973} Michaels and Turvey* 1979) has Shown 
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Figure 12s Sequence ,of events ia' visual maskjng. 
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Figure 13. Interstlniulus Interval to escape peripheral masKing, as . 

a flinctfon of^age and intenstty of target. (After Walsh, 
Note 5). ' '* » 
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thtt there are at least two d^ffe_fent' t^es of aasktng« 
Per Ipheral, masktno effects^ which arerlargely controlled by) the 
physical tntensit/ of &he atsK# arise prUarlly because the. target 
^and «asK stTnutt are Jivtegrated Into a single functional stimulus 
'in the* earliest stkges of visual processing* Central Masking 
Phenoiena depend upoh^ t^e perceptual relation baiween the stimulus 
and the itask« Central masking Is greatest If the »asK Is 
^constructed of visual features slallar to those used to construct 
the stiaulust Thesf are callext "patitern saiks*** The central 
nature of aasKIng Is shown by the fact that pact4»rn aasks are^ 
Effective under dichoptic present at I ons Ue«# when the «8Sk is 
presented to one "eye and the target to the other* * ^ > 

tts^nane Isplles^ peripheral masking Is thought to be due 
to the Interacrtlon between tne target and sask In Cne peripheral 
visual systes (the retinal and Visual tract prior to the point of 
the fusing of tnf ofsation-f ro« the two eyes)« Peripheral aasktng 
depenos upon thtt Intensity of Illumination of the target and aaskf 
in -accor da nc e^wlth the f o jj^id nj_rul e< 
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wner^TE Is Che target energy/ 8 Is an unknown exponent/ SOA is^ 
the critical .^0A> and.K Is a constant* K is characteristic of an- 
Indlvioual's perfomance at a set level of accuracy* Uhat the 
rule in Equation 2 Indicates Is that the aasklng threshold (SOA) 
decreases as target energy Increases* In fact# above a certain 
level of tar jet ettJ^y^ which varies from person to person> no 
mashing occurSir 

A^e differences between young and old adults have been found 
In peripheral masKlng^^and appear to be restricted mostly to K and 
not 6 (Tlll^ 1978J Walsh# T 1 1 1^ ana WiMlass^ ly78)* In other 
words^ age does not seem to change the form of tne p.ower functions 
but oloer..'persons re«iulre longer SOAs to escape'che masking 
function* Walsh (Note 4) recently reported peripheral masking 
data which Included a middle age group* Hts^sampi^ consisted of^ 
24 young Cmean age 1,8*7 yearsj^ r^nge 17^21 years)> 24 middle ageo 
(mean Hjt 46*5^ range 40-53)* ano 24 old'Uean age /0*3# range 
t»7-74 years) adultsV who were either University stuoents or 
alumni* The critical ISZ to escape mask'ingjs shown In Pigur^^l3* 
There appear to be reliable differences In the peripneral masKlng 
constant between the young' and middle aged subjects (the exponent 
B did not oirfer between them)* This result means that* for a^ 
fixexl I'ar^et Energy* tne miodie aged persons were susceptible to 
masking for a longer ttme« Note .that the data for the middle aged 
observers were nore I Ike, th.e^ oata for the o I der .obs^erV^ers * 

• • • ' 

The age Increase In peripneral masKfng thresnolds co^to b«} 
attributed to two sourcesi oecreased energy Inctde^^nt at the, retina 
(because of yellowing of the lens and other effects discussed 
above)* or slowed transmission tl^e In^e peripheral visual 
channels* Walsh <Note Wai sh> Till* and Wllli«Kts* 1976) argues 
that the effect prabably represents -slowed per lpheH4-^channel 
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inftlys|$# since )n^vtdu«t dlffertncei tn thresnoldi for the r 
tirget stJ«uM alone^^ount for relatively saatt amount of the 
varianpe in^ ISI across individual s in each kge group* The ^ 
evidence for the exclusion of ocular factors Is stltl scanty^ 
hoNeyer^ and furthar research on this question would be iTr'order* 

UnliKe peripheral Masking^ central masking Is relatively 
Independent of target end «ask ^energies* Instead It appears to be 
a function of the tiae needed to decode the visual feature^ of tjie 
target ana then Identify It* Central masking obeys the ruld .^^^^ 

(3) SUA ■ TU ^ ISI ■ K , ^ • • • / 



i 



ere SOA Is the crltlc^J SOA tjb escape ^waskl ng> TO Is tne^target 
duration^ ISI is tne critical ISI to es&ape Masking^ and K Isa 
central Masking. constant* The K in Equation 3 is*also a 
characteristic of a given individual and'lavel of dccuracy> but 'it 
Is' olfferent fron the -pons tant of the peripheral -rule (Eauttlon 

, " > <^ • 

Age~dl tfeFencei (n central lasklng have be*?!! inown b'i^age 50 
tUalsh* Note 5;'wilMans> Note 6}. s Malsh found SOAs of 
approxlflatety 50/ 60> and &5i«sec for hls\ 20> A6* and 70 year old 
groups/ respectively (tnes4 ?OJU--«re Inexpllaably shorter than 
those of previous studies In tne sane laboratory — • e*g4/ W^lsh/ 
Ultllans/ and Hertzog/ 1979}* In Walsii*s studie^ the target 
stiMuli are letters, w^lsh (Note 5) also varied. fc*ve nu»ber of 
letters In the target fro« 1 to 3. Masklnj thresholds fqr 
Multiple .eleaent tacge^ts are. of interest because tne additional 
tUe taken, to identify the extra targets reflects readout tlwe of 
Inf ornati'on from a sh6rt tera viVu*l storaje system often called 
"Iconic neiiory". Walsh* data^r^^'shown in Figure \h% He assuaed 
that the letters were read out.af iconic Memory one at .a tine* and 
therefor e/fi t a linear equation vto the data (the thi»\, I Ines, in , . 
Ffgurc y6* Even without coMnltting ones^l'f to tne validity of"^ 
the ?erUI readout assuMptI on /< Sper I Ing/ 1967)/ Tne slope of- tfte 
llnekr equation May be taken is a rough Measure of the speed of 
InfofMatlJon readout froM iconic Meiiory* As oan be seen fro« 
FliuS-ell^/ the Increase In iOA froM 1 to 3 letter taraets appears 
toJlLitj/ract with age — note the roughly 40 <t+ff erence 

betJepTi young and MiddJe Aged' Individuals ?or tne a letter 
tdWets* The,se results suggest sioHed Iconic readout by age 45* 
It^ Hould be deslreable to extend the research to find^tne age. 
ere the decline in iconic readout speed begins* 





-an absolute ijefMS/ age differences In masking thresholds 
not lirge. The difference between otjservers In their 20s ifrfd 
ln,50*s for sing-le letter targets Is on tlip 9rder of 25 M^efcy 
Thli^<il f terence Is snalt relative. to ^ge differences in motor 
reaction times ($ee.be|oM)« Nevertneleis/ any age effects on ^ 
nasking f.unctlons are of Interest bec4us'e df tneiY theoretical 
Interpretation* Central aasklng/ In particular/ provide^ a fairly 
direct me'asure of tne speed of infbriatlon processing Ui the 
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Figure U. Inters tlmul us Interval required for correct recall .of 
letters In central masking paradigm, as a function af 
age and number ofyletters. (Ua1sh>.e.t. al., 19/b). i\ 
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Visual nervous systea* , Changes In Masking do appear to occur by 
middle -age* f yrtherMore# s tudi es Jieasur Ing the brains electrlc84 
response dur I ng $t Imu lus 1 dent I f i dat Ion also shaH slOHing of Jbrntn 
activity with advancing a^e .(Ford Vand Rferrerbaus^ X98a)t Thu«f a 
nodest djbcllnct in nasKlng May be Indication of a perVaslve . 
slowing process that could have Multiplicative effects Jn coMpfeIc 
probleM so ivlng^ situations*. ^.As^'^ shai 1 see# there ik a good deal 
j>f evid ence snow that a tienreralUed slowing of cpgnXtlve / 
processWnfoes occur |(ilth age'« It would, therefore be useful Jco 
have stuol^es In which Meai;ure^ of slowing at several levels >of 
cognitive processing ware taken /or exaaple^ Measures of / 
masking couid t^e related totper formance In situations requiring 
vlsuar&canning# stlMulus loent 1 f lcatlon# and problen sdlvtngt, 

/ ^^0 (,Jose this section^ ^t consider a more complex tas^TTyl^ , 
visual scanning studies^ the observer Must locate a target figure 
In a field jyf dlstractors — e«g«# determine Hhtcn I i/jfes hsv/e tV>e 
letter "xr^^ln the alspiay In Figure ^^''^ A large nu«iticry^f itudJes 
nave s^0Hn tnat the elderUyUape 60 and beyond) are slower flnan 
young aoults.ln visual scarnring (Rabbltt# 1968)# and are mp^e 
likely to De distracted by irrelevant Inforaation dur Inr^anning 
(Rabbltt# 1965)t ^However^ ihose studies tna^ have iiHfluded a 
Middle dged group have typl^all^ not showrx^^hanges/fn sx^annlng 
rates frop age, ^£0 50t Whfle this Make^ jjt Uk/ly.that the mali 
-changes *ip scanning rates occur a^er age 5Qp tpii4 available data 
are quite llnltedt • jt 

An Implicit assunpt lon'.of most scanning studies Is* that thej 
GtDservers ar^e responding as fast as they can without Making 
errorst Fn f^cti moujWp people can trade off speeo for 
probability of efroj.* Thus^ an apparent • s low I ng of scanning spat 
with aye might reflect the addptlon of a Mare cautious search 
strategy rather Jhan^a loss of the capability to scan rapidly 
(Pachell3# 1974) • ^ Hpyer/ P)ebok# and Svea (19791 observed that 
Ihdivldual^s in their' 40s ano 50s were slortor but More accurate/in 
a visual snorting task sicliar to visual scanning* This result: 
(Suggests that tt>e mlodle' aged individuals Mi.})ht have traded off^ 
speeo for greater accur acy#' perhaps b^ause of a lower toTerance 
for erroc^st Older adults often appear Intrinsically to preferj 
accur acy' o/er , speeo fn these kinds of experiments (Rabbitt# i97|7)^ 
but a siotple traoeotf prob*8bly ooes not account for all the saeeo 
differences tn vUual sqann;Hng when ope coMpares early aoulthood 
to tne retir^ement ages* * , ^ ! 

There seei»s t$ be a difference beween tne way that visual^ 
scanning stu^ales are oone In tne laboratory and tne way tnat 
vtsudi scanning seeMS to occur in most practical sltuati^ons* inV^ 
tne typlwal laboratory study#' the observer Is asKeo to scan a 
display and oo nothing elSe« In field si tua^lojps'^ visual scanning 
Is typically donelh conjunction with other tasks« To Illustrates 
a Rotor vehicle oriver continues to ^guloe th-e car while scanning 
^ro8d sigr\s« , Rabbitt (1977/1979) ha^i found that differences In tne 
visual spanning perforAance'of younrg.and eld'erVy subjects can be 
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Magnified either by Increasing the nuvbc/r of distractors in a 
(tisplay or by introducing ai} ancilltry (MBory) t^sKt . Tttis sor^t. 
of result has lead several^ people to conclude that visual scanning 
deaands ^attentlonal resources**! and that these resources are 
reduced Hitn age (Rabbitt> 1979} Hasher and Zacks^ 1979; see the - 
section on Attention below)* Kabbitt^s results^ s«hich are not 
based on studies using aiddte aged subjects^ suggest the need for 
^further explo/atlon of age changes In scanning perforMance when 
^one In conjunction with other taslTstT"'^ 

Another Indication that age changes prpp%rtles of perception 
isUhe change in several visual IHusionsj such as the HuMer-Lyer 
Iflaslon* Conall 1M1970) has reviewed a lar-ge body of d^ta~whlch 
suggests that older persons ha^ve lilaslons similar to young' 
cnilm^en ~ that is# a **r egress I on** of the perceptual Illusion to 
pre-'aauit levels* Howeverj most of the' change appears to opcur In 
the t^te 60's and 70*sj and Is not of paraMOunt interest for this 
reportV 

\ • • 

One way of sunnarjz^ng the results of the various sttidies on 
age ano visual detect lon^and Identification is to consider what 
sort of tasks would be expected to reveal perforvancf differences 
between people In tneir 20s and 40st If the task required ^ 
detacti )n of rapidly aovlng targets^ at low levels of 
1 1 lumlna t lonj; younger obser vers should De var4iedly betters enough 
so that the difference might be of^^serious concern to equipment 
designers* If tne task requlreo r^pld Identification of sfng4e 
stfmulhthe younger observers might. still be more rapld> but'their 
advantage wou 1 d, probab I y be mich reduced* If the task required 
that th r obs,erver pick out a clearly, distmct stimulus frbm an 
array o ' stimuli of the ^me typej large age differences would not 
be ifxpeoted* However> perhaps age effects wo^ld reappea-r If the 
scanning task were made more difficult or if it were. to be done* in 
conjunc:lon with other tasks*' 
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Hedrlnj Is exceptionally sensitive to age*'^ Hany changes In 
audition are associated wfth straightforward changes In the 
ph>stology af the inner ear; atropt>y and^ defeneration of hair . 
cells and supporting structure^ in the basal cotl^of the cochlear 
atrophy of the str liT vascu 1 ar Is of the scala m6di4 (lidding to 
deflclences tn endolymphatic flui'ds) and atropny of structures 
assoclateo >l ttv^cochlear vlbratt^on* Each of these changes mlQht 
tneoret leal ly oe associated with dl/ferent typ'es of lo&s of 
auditory sensitivity (pr esbyacusls)* The cocnl ear 'changes ihould 
be associated with specific hl^h frequency hearing losses that are 
char acte.r ist,l cs of aovancing age* Changes In tne endo lympnat i c 
fluids Should lead to a uniform loss In sensitivity at art 
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frequencies* coabined with Idudnesjs. recrCpitaent* so that noisy 
situations should aaKe fine discr Iml nations 'harder. Changes in 
cochlear vibration should be associated with aygraded loss of r 
hearing from low to high frequencies* ill these {fhenoaena have 
been observed (Bergaan* 198Cif Corso* 1977). /In addition* there 
are age related differences in hearing that/are prooabiy 
associated with cenrtrai nervous systee factors, lioiation of the 
central froa the peripheral effects is an laportant* bpt difficult 
tasK. Speech perception is a good 1 1 1 ustrati on. The 
UDderstandtng of speech seeits Intuitlyely to be a central process. 
A nea&ured loss In speech perception j^nnot routineTy be x 
attributed to CHS deterioration* because peripheral changes may \ 

- IJinit the quality of the«,pe^cei ved speech.' To account^for 
peripheral effects* studies of age Iflfferences in spee6h 
perception often s.peech perception after equating subjects .for 

. peripherally produced presbyacusis .(Corso* 19771. Honever* it Is 
not always clear that*«atching listeners on tne perception of pure 
tones in a given set of frequencies (or any other single 
^criterion) does in ^act equate individuals*- since they nay differ 
in forms of hearing loss not tested by that criterion* 

' 

Age associated losses occur In the ability to aetect*pure 
tones by aje AO* If not- sooner* aithou^Yory pronounced, changes^ ^ 
do rtot occur uTTTiT'soaeMhat later. Figure 16 shows that auditory 
sensitivity to pi^re tones declines exponentially frpa young 
adulthood* with the greatest IcTss at high frequencies. The 
largest a^ciines are a\»Jj.i a>er frequencies than those crtcical for 
perception or normal speeph (roughly 1000 to 2500 Hertz)* but soae _ 
age-related -decline in the speech frequencies Is obsv.ved. For an 
as yet unknown reason* the loss is less In wone/f^ than ht nen. 
Corso (1977)* in reviewing these data* states that, beyorfd the 
ftiddle.30*s soae hearing loss Is evident tn vlrtuaTlT"^! 
individuals. Bergman (1960) emphasizes -tTio coap.leaentary side of 
. the picture — namely* that there are both Individi^t differences 
and subpopuiatton differences in Presbyacusis curye^I -We should 
eaphasize then thai trte curve In Figure l6 Is representative of 
average pure tone sensitivity for-aeabers of Wesxern 

Industrialized societies. u 

In addition to loss in .detection* lo;»s ii^dlscrlalnabi I Ity of, 
supratr.reshold stimui i* also occurs. Fligure 17 demonstrates tnis* 
.by shOMlAQ Pitch jUscrlalnatlon a*"' a f/lnctlon of aje and frequency 
^(Konig* i957). aT was the case for o/tection* ihe loss is . 
progressively greater as the frequency of the sounds irvcreases. . 
rne loss oT 'discrimination at t^e Higher frequencies In Figure 17 
is clearly evident In the 25 * 35 age range. The oata froa 
Figures lt> ano 17 Indlcate-^that It may be jieces^ary tQ^cfeen » 
atodPfe aged personnel for hearing loss i-f analysis «>f middle to 
*hlgh frequency sounds (roughly* greater than £.500 Hertz) is an 
important aspect of their jobs. ^ ' . • ^ , ^ 

White there are Industrial sJ4ilrft4o1ts ifl which tone oeXection 
' and/or jd I scrU.1 nation Is lapoV-tant* speech perception is far acre 
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laport^tit* As figures 1^6 and 17 shOH^ there are losses of ^ 
audi tory capac/ty In the speech frequencies ddrl^rfg thie age /* 
Interval 20«3^^« These becoiie wtrt narked later In«tif7i« The 
Importance of/ these losses vary greatly Nith'the ^^nmtlops of 
speech pi^ce^^tlon# Ber^gnan et^alf (1976) determlne'd sfpiiech 
detect lorr Ip" listeners Mhose^ade varied from 20 to over jo. Both 
longltud(^r).4*l and cross**sect lona I data iter e"*^t$Jte[n# Makir^g this ' 
study one"^ of. the better designed ones In the iltereture# In 
addition to determining detebtlon of nornel Sp1$ech# sfteech . 
detection Has detersirfed unaer a variety of advers^e corulltlons* A 
portion of the resulting data Is st^OHn In Figure, X8« Tfiree n 
functions afe shOHn# for age-related perception of normal speech^ 
speech presented nlth a competing speech signal In the frackground^ 
and speech that Has ^Interrupted electronically^ as might t).e the 
cne In e^tat lc**pronil radip tr ansmi ss lon# As can be seen from 
t^e figures there Is Jtttle. Interference nlth normal spe^h 
perception until beyond age 60« SomeHhat more age--re I ateJj^^y^^''^^ 
(/ecrement Is shonn^n se^lectlve I Istenlng^ .^and very marked . « / 
decrements are shonn m Tlstenlng to Interrupted speech* Corso 
(1^77) suggests that much of the reduced speech percLSLPtlon Hith 
advancing age may bj^ a function of Increased time to prbcess 
Information In the /auditory cortex# The peYlphera^t changes 
dlscuf^sed above pi:j:ydably contribute tp the deficit also* 

Bersiaary et a><^s experiment Is an Important one for tHO 
reasons* Conv^fft lonal audlometric examinations dc^termlne pure 
toae frequency near Ing lossji^ on the assumption that this 
correlates nell nlth tne perception of spoken Hords (Geldardii 
1972)* While this may be the case for the perception of sIngVe 
Hords \n i^^latton^ other factors may be Involved^ln the 
perception of sentences under adverse I l^tenin'g cohbltions* 
Bergman 41980) suggests that high-frequency hearing loss hIII In 
fact *^&eneraUy create considerable difficulties tvn understanding 
spee&n heard undftr otner than optimal con^l t lo/is** (page 30)* A 
i^ecent sJtudy reported by Bergman (C9B0) emAI>9s;izes this >>oint* ' 
NIodle aged (ages ^ ^ 63) and older 1 lsten^|-s ' had more difficulty 
understanding speech of talkers Hhose voic9 end sf^eech patterns 
Here rated as POSHV^ Whispered speech Has particularly 
troublesome* bergn^n^s explanation Is that nhispered^ speech 
reduces the amoVnt af information aval ladle .from^iottal 
(phonatory) energyr pi acfng greater Import on tffi^^iat I vel y high 
frequency Infjprmatiqn present l-n the fofmants ^M^on^onants* . ^ 

^^^^^Tnce many. Industr la I 4:1 tiiat Ions do Inevljtaply invdlve popr 
listening conditions^ It Mould be advisable to dem^mine yietlfir 
or not defects In practical speech pefceptjon ^^l^^^^^f^^t^ by 
/:urreat audlometric measurement techniques and^ if i^ireirare not^ 
Hhat nen measurement technique^ Houlu oe appr orpr leteV^ ,A second. 
point to Keep jn mind about Bergman ejt aMs^results Is, that/ tf, 
anythjng^ they may understate the seriousness ot the situation^ 
In the Bergman* et al* expex l«ertts# I tsteners" genera ijy ner/e ^ 
req.uUed, to report speech verba.tlm* If they had also baep 
required to comprehend and evaluate t.hat. iSpeec^h^ the ad/S'ed 
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17. Threshold for detetting changes in pitch as, a function 
of agfe and frequencof. (Konig, 1957). - ' . - 
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Percent decrement'. from Age 20, 
as a function of age. Solid 1 lije- normal speech. Dashed 
l,1ne-selecttve listening In the presence of competing 
voices, (totted 11 ne-speech Interrupted 8 tlines/second, 
data from Bergman et. aT., 1976. 
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Figure 19. Hearing loss in M^baan tribesman (Sudan)' and Wisconsin' 



Residents. From Bergman (1980). 
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processing requirement sight have interacted Hitn the tttentional 
demands of the difficuit spaach perception task to produce even 
gr£/iter age deficits* '"^ 

Uhiie certain changes irv* the audl^tory systea are Inevitably 
age^relitedf personal exptrJences are also strongly involved in 
the deteriinetion of aduit hearing capaeity* It is Hell known 
that ^nviornaentai events^ In particular exposure to Intense^ high 
frequency noises for a long period of tiae# can produce larked 
loss of hearing^ Such situations are* particular iy coiion in. an 
Arned Services envJronnent* Whether or not envlroniental daaage 
Is additive to an age effects or *^interaotive# Is not known* This 
probably depends upon the. precise type of daiage produced by the » 
Environment (Corson 1977)** Part of the differences In ^ 
presbyacusis curves ^etiieen popul at I ons of adults may be ^ 
functlorv/of env I ronnent al factors* The differences can Ife quite 
large* FiOure 19 shows data for 2585 Wisconsin residents and 541 
Habaans# a gfoup of Sudanese trJbesaen* Note that the hearing 
loss In the Kabaans tribe is luch smaller than the .Loss (n the 
Wisconsin residents* The ^is^orisln ^sidents aey be lore 
r epre^ntatl ve of tht population of Aierlcan service perso'nnel*^ 
Hore serlousty# the data of Figure 19 Illustrate dranatlcally how 
auch of our '^norsat** aging trend lay l^n fact be a reflection of 
our noma,! eny 1 roOAental ha^zards and personal health hazards*^ 

I Consistent with these tlt)dlngs# the{;e Is evidence that the 
0*S* Inoculation as, a whole Is becbiing fiore hard of hearing* The 
rate of incidence clinical deafness in 1980. mss appr oxlaately 300 
per 10#000# up froA under £00 per 10#000 in 1/940* By the turn of 
the centgry the deafness figure Is expected to. reach 360 per 
lOfOOO (Watson and To I an# .1967) * If we assune that the incfdence 
(ff sudclinicai case& of Clearing loss Is proportional to the 
deafne^^ f i waresf( this seans that there is a marked dohort effects 
i*e* that the 30 ^nd ^6 year olds of toiorr^ow 'wi 1 1 have a greater 
Incidence of^ hearing troubles than, do people (h this age bracket 
today* Part of t^is cohort effect night be related to personal 
habits -r- t^r^^er (1970) has reported a high level of no 1 se-*rel ated 
deafnesis ano hearting loss In rock Musicians! The Impact of the 
Increasing Incidence of major heiaring loss upon Industrial 
performance should be i nves tl gate.d* 



I/texp I Icadlyj ume aire no studied In the literature df age 
changes 'In the speed^and integrity of audltary information 
prqcdsslng analogous to^ t^e studies In visual lnformati4)n 
processing reported in th^ preceoiny section* For , eXampI e#' we do 
not Know how t <}e . i>r ocess of information readout from echoic memory 
(the aliditdr^ e4ulv.alent of IconlQ memory In vision) is affe^ts^ 
bj a^^inw (Crpwder# l^'SO)* Since the organization of audittTry 
cortex and related pathways in the bra^in differs from the* 
organization of the visual centers (e*g*# there are 'more primary 
cortex areas devoted to audition than vision)^ we should not 
assume tnat age changes In the two systei^s would be strictly 
identical* • ' 
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COMMENT ON SENSORY CAPAClTlfeS AND AGE . , ^ 

■» . ^ 

Hauy of the sensory detection .ano^ scr nati on studies 
currently In the llter«ture have rel IW upon a person's abltlty#to 
detect a stlnulus^ assuMing that all individuals use the sane 
criterion for oatectlon. If there Is a systematic shifts In 
criteria nlih age> In thq direction tf denandlng a higher 
criterion signal before responding* then Increases In •♦caution** 
Houlo appear as decre^es In sensory sensitivity* A iinlted 
aMount of evidence sug^v^s that this is indeed a possibility ' 
(CralK* 1V69} Rees and BotHlnlcK* '1971)t While it seess unllKely 
ttiat arrepetition ot .the studies ne have reported using 
xtf4^tAJcJ on-free methods («tg.* Signal Detection Theory approaches) 
Hould elL«inate the age effects* thi' aagnitude of the esti'»ated 
age change tiiJht be reduced* If It were tne case that soae of the 
age-Changes were Indeed'a funcjipn o"f the (^b5erver/s criterion* 
then niddle aged personnel could oe trained to increase their 
frequency of false ataros to adjust for cases* where a alssed 
sjgnat Houtd have a* high cost* 

Studies demonstrating cefects lo sippte detection of^^tNulj 
are apt to oe dismissed Hith the .oooaent Jthat there are obvious ' 
prosthetic measurest Eye glasses are comiion in our sqclety* It 
is much haroer/ however* to reaedy perceptual and sensory defects 
that are a>sociated with iccomodatioft to ranges of stiftUiir «tg# 
rapid shifting of the gaze fro»*far to near and bach again* or 
filtering a si gnai .through noise In -a* speech perception taskt 
While the typical Man or HOffan in the ^O's is ^either tjlind nor 
oeaf In tne clinical sense* drops in the sensitivity of vision and 
hearirtg in tnis age rafijie are large enouph to warrant study of hoH 
thcw affect i>«rfornance in deuanding work environments. , 

In this section our, focus has been on sensory and prtmlt^ive 
perceptual ^roces^es* to ^he "exci us Ion of »ort complex processes 
of sJtimuius analysis and response, production* Although the 
Interaction between sensory and higher order cognitive processes ^ 
has been little studied/ It way fre qiJite important both 
tneor etjcal ly and pract I <?al ly» we shall argue beio« tnat higher 
oroer cognitive func4;iQning demands attention* and that one of ,the 
cnara'cter istlcs of oLaef individuals Is reduced attentlonal 
capacity* In younger Individuals* adequate sensory perception m'ay 
proceeo almost Independent of any al location of^ attent Ion* wh^^r^as 
the oluer in<^lvlduai may''. achi eve^ the same level of sansffry * 
perci^ptlon ohiy by actively attending to the s€1fnuius channel* 
Primlt^e acts of perception become competitors for attention f-or 
the older person In a way that they are not tor the younger*^ Thus 
an older T»erson who* wiy» effort* could pass a test designed to 
evaluate sensory functioning and nothing ejse* might not be able 
*to function In a job that con^blned sensory perception with ipore 
complex tasks* . * ^ , ^ 
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Htnor sensory probleRS etn lead psychological' dtscoBfort#\ 
even if tney ^oy)ot affect Job perfomance directly* Aaong the 
elderly there Is cteer evidence of eaotlonel disturbence 
assoelVited with $«nsory loss# especially when chat toss affects . 
functioning In tntellectuel sl^uetlons (Corso# 1977). Whether 
■ Inor probieas* sOch as lrrKablllty# would be characteristic of 
•Iddte aged Indlvlduels working In noisy or low vision 
environnents Is a setter for^speculatlon* As th.e success of the 
volunteer services depends he^avtly uporf attracting these 
Individuals to allltary careers/ and keeping thes In those 
, careers^ so«e thought shoirl d bo given to changes In working 
situations that can avoid such probteas* 




5. THE CAPACITY TO ATTENft 

' "« ..6, . , f „^ 

In studies of vtsuaf and eudltory capeclty# It is Upilcitly 
ass/jmed that the Individuals be Ing .evaluated are glvlnd their fuj^l 
attention to tne. test ,st I'mu lus. The assumption Is probabijr 
correct^ oecause testing situations ere slaple (^'O* e llstj 
Bay b$ asked l.f he or she hear^ a tone) and because testjfiro 
sessions are brief* Wnea ■ore'\ognlti ve abill'tles ar« tfeing . 
exanlned# as In studies of eesary &r prot>len sotvlng> cere aust be 
tahen to control a Subject's i IJ^ocatJon ,of attentlpn to various 
aspects of the task* Attention ellocetlon Is also of considerable 
practical interest* Many accidents ere, **exp I eined** by saying thet 
the people involved failed to. attend properly* There Is also a 
great aeal of anecdotel evloence suggesting that the ebillty to 
contPvpl attention decreeses with age; Kost of the entcdotes have 
to do hith Inaitentlveness In old age* Less Is known about chenges 
in attention as people nove frop their twenties to their slytlesj* 
Clearly the average person of thirty ^r for'ly does not lo^e the 
ability to concentrate to the point thet Itvettent Iveness becones a 
personal probi-ea requiring professional help* As we's pointed out 
In tit« introduction^ a saell decrement In a psycho lOgl eel function 
nay .be triviaf to an individual but laportent on e populet'iop 
basts* Given that ctj^anges In attent I yeness are observed In the 
elderly> (t Is reasonable to ask whettier or no% nfnor changes In 
attentf veness can be ooserved during the working yeeris* 

* 

This questioi? is herd to answer* Attervtlon aust be measured 
Indl rect lyf° by observ'Ing perforaence on tesks thet reqljlre 
attention* But that also <»raw on othec psychological functions*^ 
To I I lustratd/ suppose that someone has a notoriously poor neaory 
^for people^' napes* Is this be9ause the Individual does not pay 
'attention, Hhen Introduced to strangers* or because the person's 
perception is deficient* or beoeuse the person finds It herd to 
store end retrieve Informetlon? Here p.arti colarly* beceuse It Is 
reasoneble to Relieve that peoplejose some ebillty to control 
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ttentlon «s they ay«f a nusber *af experUents on «8e«ory> probles 
solving* and oeclslon »aklng lP»v^ been "explained" ty assuming a ' 
loss of" «ttentloa, We shall argue beloM that this conclusion Is 
warranted only in fairly Malted cl rcuastances. .Fur theraore* If 
the concept of "loss of attention" Is to be appealed tq as an 
exj/lanatlon of axper t-afiH^I results* one has to define xhat 
attention Is* No satisfactory definition has oeen offered. 

Th< r^aatnder of thfs sectT6n~31scusses ^o«e of the 
con.ceptua,jf,and aethodologl cal probtems Involved In determining a 
per son»srll)| tity to allocate attention to Infornatlon pro^^sslng 
tasks. VAAthough soae experiaehtal results mIII be cited* the 
thrust' ofme argument Is theoretical. ,The «ajor purpose of tne ^ 
section /s h>. Introduce concept? about attention that Mitl'be- 
lupo/taryc Mh^^Mc deal with the relation between age and Mgh«r 
cognltl/e fun<kfons such as oeaory and proJjtem solving. 

* ' ' * 

t/entiokai re stiuft'cE model >, , . - 




an* May of conceptual Uing attention Is to take th« hotlo;t of 
"pay^ng\ttent Ion" <tii\pe l|teraily* by iiraginlflg that Me have a 
finite aoount of attkntlonal resources. An attention ae«andlng 
task Is one that reqtilres the expenditure of resources froe tols 
•supply. K^hnejian (1«>73) has presented this Idea In soae oetalt. 
In his viCM* any raentai task requires the^ acti vat ion of eental 
structures. These arte t;ie itechanisBS tnat accoapilsh the 
functions requlreo to do the task* such as discr inlnatlon of 
oojects* renearsal of Information in oe^wory*, and tne nanl pu I at Ion 
of visual Images. Each 'of the str«K^ures dr^MS upon the pool of 
tfvairable mental resources. Tne pool Itselt Is tera^d attentlonal 
capacity. A structure mI 11 'l ncr-ease Its deaands upof> aftentlon.al 
capacity if tne Information processing load on the structure Is 
increased. SInllarly* th* greate'r the amount of resources 
provioeo to a s-tructure Mhen oeal ing Mitn a fixed Information 
processing lOdO* the more rapidly ano accurately tne structure 
Mill ^erforn its task. Complex tasks* sgclv a$ reaoing a novel or 
driving an autonoblle* require the coordinated activation of 
several structures and an appropriate allocation of attentlonal 
resources to each of tnen* • ^ 

Constder some abstract *t-ask that Involves one or more cental 
structures. The function r.elatlng overt performance to the amount 
of attentlonal resources allocated to those strucj^res required by 
the ttf'sk IS calleo tne performance-resource function. The " 
per forwance-resour^ce function Is unoDservable In principle* 
because "attentlonal resources" refers to an aostract concept 
ratrer than i neasurable expenditure of en«;'rgy. In^«lte of Its 
purely cpnceptual nature* the performance-resource fuTx^tlon may be 
used to'classlfy tasks by their resource demands. NormaA aotJ 
BobroM ay7bl define resource-! Im tteo t<tsks as tasKs on ilhlch the 
performance functidn Is strictly sonotonl cai ly Increasing* i.e. 
tasJ^s on .»nich performance' levers Increase Mith ^n increase In the 
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amount of resources •! located to the tasks Not «ll t>sks are 
resource ilftlted^ ano a single task «ay be resource Halted under 
soBe conditions and not resource*- 1 lilted under other conditions^ 
Take the case of a p^erson listening to the radio unoer poor 
reception condltl8fts« Accuracy of reception will depend partly 
^pon the attontlveness of the listener* At a certain poln^j 
though/ concentrating harder sieply. will not further ieprbre 
reception* Asyeptotlc perf oriance ill 1 1 depend upon the physical 
nature 6f the stlaialus> as[flltered through the listener's . 
auditory apparatust Maxletii accuracy say be reached ><lthout the 
listener oevoblnj} cjoiplete attentlqn to the signaU to the 
exclusion of all other stliullt In such a case perforeance' Is 
said to be ^data-1 liiif tedt**, The tern inpll'es that perfornance is 
liiilced b> Characteristics of the external Itlaulus but# as the 
exavple sh0HS> a data lliltetlan nay alsobe leposeo by the 
char^^ct^er of a person's sensory or i|^tal striintures* For' 
In^tance^ in consideration of the, data reviewed in the preceedlng 
sectTon^ presbryacus I s might .lepose b data limitation on the 
auditory t as« ,per foriance of^older adults^ even though younger 
aoults weri r^esource J f al ted under Ahe sane conditions* 



One nay to .think of tffc ^ITeged inattentlreness of older 
aoults Is to assuae that attentlonal capacity decreas#^ Nith age* 
This Hill De referred to as the ''extent t ona 1 deficit hypotheslst** 
If the. hypotheses js (rue^ perforiance should decrease with age 
whenever people are oevOting full attention to a resource lleited 
ta'^SKi While this Inference is conceptually straight forwardt It Is 
olfficult to construct a pr ac t lea I «test of lt« The problem Is 
that one cannot be sure tnat» mbxi nun performance Is determined l>y 
a resource limitation rather than a deta llmitatlon« Considers 
for examples the study of the speed with which people do mental 
taskst varyl~ng from s^^nple choice r(eactIon time studies to 
reasonably cbmplex mental arithmetic* Almost every study of age ' 
effeccs In sqch tusks has shown a decrease In speed of mental 
performance with advanclngfl age. The decrease Is evident by the. 
thircies and forties (Birren> l'^?^} see also the discussion of 
specitJc tasks glveo'ln the following sections of this report),* 
Furthermore^ the. deer eai^e^ cannot be accounted for by changes Itt 
motor Capability^ because the a«dunt of age«-rel atecL s lowing ls% 
reiatex) to tne psychological complexity of thi^ tas^ rather than to 
its motor componentfl (Cereila^ Poon> and Ml 1 1 lams> \l980) # Is 
aisd true that under certain circumstances speed' of mentel 
peVformance is a reasonable indicator of the amount of attentlonal 
resources allocated t9 i task (Hahnemann 1973| Posner^ 197e># 
Thus> although one Inter pr etatrbn of the observed slowlag Is that 
attentlonal capacity decreases with^ age> this oonclu/lon Is not 
olccatea by tne oata« Siowinw coula easily be due tb structui;al 
ciianges in the centeral nervous System/ sucn as demy 1 1 nl zat Ion of 
nerve fibres or a reductior^ In the number of neurons 'in the bra[n4. 
nore generally^ the f«ct that changes in th^.^speed of Indivljdual . 
performance^ across cbndltlons o^ an .experiment may reflect 
changes In attention allocation does not mean that changes In 
lnter«-indi viduai performance In the same ejcperlment are due to 
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ln'ter-*tnd trldu it otfferences tn attent ion'tt' capacity* 

An ai*tarnatiVe Hay of evaluating the attention deficit 
hypothesis Is to restrict the atfoun't of attention that a pers^on 
can allocate, to a task« This Is done by introducing a nen tasK 
that ts to be performed on a h^gh priority ^asist The original 
task tnen sust be done^ nith a ptrs^^^s ^spare capacity*** This Is 
defined as the attentlonal resources that a p.erson has regaining 
after allocating enough attentl9n to reach a s^tsifactory 
performance level on tha pr lnary task« ' The technique of 
evaluating spare capacity by considering primary and secondary 
tasks Is called tbe **secondary task paradlgn*** It Is a special 
case^f a **duai task situation**^ Jn nhfch people are asked to 
perfors t»40 t^jsks.sore or less concurrently* The conceptual 
argusent for the secondary task paradigm Is stra Ightf orward* 
Imagine. tHO peopte> A and B> both*of NhoM have sufficient 
attentionat capacity to achieve saxlauB perforoance on ^1 t her^otgr 
two tasKs> X and 2> Hhen done alone* If the tHO ta^sks are done^^ 
tog^ther> the joint demands of the tasks say exceed the^ 
att^i^tlona^ capacity of person A but not person B^.^aklng^it 
possible to discriminate betwaen them* If the attention deficit 
.hypothesis Is true> older Indlvlduafs should sh6H a grevter 
decrement in performance .than should younger people Hhen moved 
from a single to a dual task situation* 

While the observation that older Individuals have trouble 
H|th ouat^task situations Hould be c^sistent *Hi th tha attention, 
oeflcit nypothesis> alternative expianaiions are possible* The 
seconoary task paradigm Has originally developeo as a nay of 
measuring the^ attent i on demands of the primary task (Kerr> 1973)* 
The reasoning nas that If the secondary task Is resource limited^ 
then the attentlonal demands of tno prUary^tasKs can be compared 
by observing hOH great ^ decrement occurs on secondary task 
performance* This argument assum^es that the secoocliry task Is 
resource iimlteo and th^it the pr imary and seconder y ^tasks do not 
compete for mental structures* Hhen the secondary task paradigm 
Is used to study individual differences In attentlonal capacftyt 
some moxe conplUated restrictions must be met* Bi^lcaljy^ these 
have to do Hith the patteril of correlations betneen performance on 
the tHO tasKSf both alone* ahd in combinationt It Is also 
necessary to observe primar^ t^sk performance at tMO levels of 
_ difficulty (Hunt and LansiMn# 1^1)* ^ 

y Tnere have been several reports of age related decrements In 
performance tn dual task situations^ Inciudln^^ a ten studies that 
have used ((le secondary ^ask paradigm* In intervfeHS Hith experts 
i|f gerontology He have found that there Is a strongly held belief 
-^ti>at ouat tasks become exceptionally difficult as one grows older* 
Data from studies of dichotic listening are cited ia support of 
the thesis* .The participant In a^ dichotic listening task hears 
t>fo ffersagas> pr;esented simultaneously^ one to^each ear* After 
the messages are completed the participant Is cued to report the 
message tron one ear> and tl^en tha message fr^om the other* The 




Figure 20. .Oichotic listening task. After hearing digits in each 
ear, listener ^tries to recall one set of digits,, then 
another, / , * * 
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22a. Reaction time to probe tone alone (simple RT) or In 
the presence of easy, or hard memory tasks. 
Verbal. Memory Task. (From Hunt and Lansman> 1981).- 
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Figure 22b. Reaction time to p^Qbe tone alone (simple RT) or in 
the presence of easy Tor hard memory* tlsks. _ 
Visual Memory Jask. (FromHunt and Lansnian, 1981). 
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^«r«dl0a Is lllustrited schei«tl^lty In Figure 20# No,te,that the 
order In which the messages are to be reported Is not^ indicated 
un^ I after t^e nessages have been r ecel ved* The coW^^t^sJ^n ttiatf 
is^ypically cited Is that there Is^ an age reUt&d det>e^ent In ^ ^. 
the'^^MIty to re'catl the nessage Reported secono/ but nttt^.in th^ 
ablflity to recall the message reporjted first* ThV$ has ^ee/i « 
explained 1:)y saying that -older indivldtuils are unable to rispain 
the second message Hhl le>eport Ing the fixstt .Such an expianatlA^ 
1$ consistent with the attention deficit h.ypo thes b^s^ as ijt jls^H^ll 
known that short tern recall de^nds upon the attention that a / 
person devotes to retaining Inforftat^lon tn Horklng neiiory.t 

• , ' , 'f^ / 

There arte two' problems with this concluslpn* .One ts thatJthe , , 
exper Inentf dcTes .not rule out the {>o$slbttity of structural 
Inter fitr ence# If artlculatory structures are required for^ the^ / 
■ alntalnence of verbal Information In short, term metaory^ (iqe Houl.d 
expect first message recall to interfere with second message / ^ 
recaH because of . compet 1 1 1 on fo/'a structure rather than because ^ 
of competition for a generalized' attentlonal resource* Thl's iX a 
re^'onaole hypothesis because there are data suggesting that^^ 
subvocal rehearsal^^ Is required for verbatim recall of Information 
held fn short term, memory tBaddeley^ 1976)# A second object Lpn> 
which is somewnat stronger berceuse 1t does not depend'on a 
theoreticaf Interpretation^ Is. that the data are stm^ly weaker' 
than the statements In the secondary literature would lead ome^to 
believet^ Figure 21^ adapted fr om .Barr (1Q80)», shows the .^y^age 
numoer of digl-ts recalled In a dichotic listening s]^udy> as. a 
function of .age and order report* While tne ^ge eff^C is 
larger for recall of the message reported l9s't# the discrepancy 
oetween bjq effects on first ^nd sreoond message recall is not 
str iking* " ' ' 

, Hunt ^nd Lansman (1981) conducted a series of e^p.eria^nts 
.that Here specif IcaMy desfgned tl evaluate Individual .{II fferenes 
ID aitent lonal capacity Iby use or the secondary tasM par ad Igm* 
He?e we report an atfdltlona^ anafysis of their data (not incrtuded 
in tne original report) becalise It^dlrectly addrea^s the^ S 
attentiort deficit hypothesis* The t^hs performed by ^unt and 
iNansqian*^ sub Jects were (a) a memory task and (b) a slitrple 
response to a probe tone* The memory, t^sk Involved either verbal 
recall or visual recognition^ and could be presented inr either ^an 
easy or a hard version* As the memory task was always designated 
%Q be the prVrtary task# one Hould expect the response to the probe 
tone to be dcrk^^ed in the secondary tasK condition*'^ The amount of 
the delay should be V^iated to tne difficulty of the primary 
melncry ta^K* .Now consider how age should affect the picture* 
.^Accofding'to the attentlonal deficl^t hypothesis^ ojder * 
individualism witn snalier reserves of attentlonal capacity^ should 
show^ greater decrement tn their response to tWB tonre as the 
memory tasK becomes hacker* Some relevant data are ^hown In 
' figure uZ^ Tne expected l^teract^lon between age^ .response to the 
tone^ and single and dual task condition does occur*. The results 
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are'in accora wfttr the attentlonal deficit hypothe$^s* 



AUTOHATEO AlW* CONTROLLED R£SPUMOING 



It has b«en claimed tha^t tfheh a person ha's Wki^ great deSI 
of over.learning on a task It becones "aytoBatl qr* ]and no longer 
de»ands'on attention* The arguient has been wa^dejjost strongly bjr 
Schne),d«r and Shiffrin (1977)# who designed • para^g« for 
■^developing autoHat Icf ty^ in a visual scanning, tasK* From the 
vieMpoJftt of an observer* ih^ task Is as foMowst 

^ * ■ A- • * ■ * ^ 

. >1>. A target set of letters Is exposed* tor exaMPte# 

. ' X A. 'f';, ^ ' 



iZ) A frane expos-ed» The fra»e conslsts'of fro«i of\e to 



four letters/ as In^ . . ^ \ 



. R S 
0 ' < ,A 

* 

The Observer's tasjc iV to determine whether or not-thjs frame 
contains any aeaber of theVtarget sejt/ Thus .In the exanple tne 
correct response Is "Yes" because t,here Is an A In the fra«e. The 
* . <lependent variable Is eltherXthe alnlBus tiae that the fra»e can 
be exposed In or^fer to produie reliable identification ftf targets* 
or tne time required for an lldent If I cation* if fraae exposure time 
is unl lotted* .Either dependent variable can be used to estimate 
the tiite required to scan a .display* ^s a function of the nuwber 
or Items 4ji the target set ana In the frane are varied* Two 
.training procedures are used* 1 In the consistent aapping (CM) 
" training pro.cedure the sane target characters are used on alt 
trials* and "& character that-is a target on one trial Is. never 
used as a distractor on anothe}- trial* After ,i iterai iy thousands 
or .training tr lals*' per fomance becoM»s aitaost Independent of botti 
ftapte size and target set size* Pe/fornance Is thtfn^saio to be 
automatic* In.the varied napping (VH) training j)r6cedure a 
Character may be a tar!get o'n one tridi and a distractor on 
anotner* A^ter training performance stabilizes reaction time 
t^econes a lirtear function o^ the, nuii»<)er of Items In the frame and 
^irgel set^* suggesting tnat the observer conducts a Serial scan 
matchlns tarj'ets against frane items* Performance is said to be 
"controlled"* and* to demand attention* 

, . Note thtft autoinatic processing could be considered to be a 
logical ty oejener'ate case ot control led , processing in which the 
serial search is Cfarr«fed out at Infinite speed* producing a llqear 
-relation between ,pepf.or nance and the number of characters in the 
/> two sets* but with ze/o slope* In practice pure auHimatic 
' processing Is not, ooservea* but tjte sloje of the linear relation 
nay reouce to as'littte as 10 milliseconds per cnaracter* Tbisr 
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represent;s t roughly ten to on« reduction In slope froA the 
beginning to the end of CM trelnlng*. - ^ ' • 

AccorSing to the attention deficit hypotnesls# age 
differences in visual scanning should be eliminated by CH 
training^ because eutonatic scanning nould not require attentlonat 
resoorceSt In the pure case this {s something of a tautology^ 
because l.f pure automatic responding Here to^ be acnleved by all 
subjects their perfocmances Hould all be describe^ by functions 
Hith i zero, slope* In practice^ the question ha5\den 
reformulated* Is asymptotic scanning performflrnce related to age 
after Ct^ training? # ^ 

Tho experiments Indicate that It Ist Hadden and Nebe^s a98b) 
gave eight daysof CH training to old (beyond 60), and young* 
subjectst On £ne ninth day the slope of tije linear function .Mas 
25 ms^cs for the young subjects and 63 millisecond^ for the older 
oTiesf Thus. the grc^ups Mfre ^j-tferent In terms of the absolute 
v^lue of the critical variable* Neither group reached true 
automatic performance (although the youhger group reached a value 
close to that found In most studles)t Both groups displayed a 
roughly eight to or\€ reduction In slope from the first to last day 
of CH training* tn an^ experiment In otj^i^^Hn laboratory^ He 
repi I cated ' these results^ using an audrfory scanning task that had 
previously been shown to produce automated responding 
(Pot trocK^Lansman^ and Hunt# 19i9l)t We also used s*ubjects ir\ tne 
20^60 age ranget Thus the Madden and Nebes* f indlng.s, concerni ng 
asymptdtlc per f ormanc^" Vl^^e ar to genara^lze both to a nlder age 
range ano« to auditory as nell as vIsuaT scanning* vj^t face value 
the age^ dl f f erence In asymptotic "automated** perforfnance Is an 
argument against ^he attention deficit hypotheslst On the .other 
hand# dne could arbue that the pr6blem*ts not Hi^th automat Ic I ty 
per se# but rather^nlth the development of automat i c I ty^. It might 
be tr>^t 0tven a fixed number of tr lajj^older people do not move 
as Xar tonard automatic performance's do younger ones* The 
ecksence or the argument-^revolves around one^s choice of 
operational deftr(ltlon for automati c Ity • Nelther^de Gladden and 
Nedes nor our OHn experiment met this' criterion* rC the 
definition Is (approximately) zero^slope# then equality of 
performance is ^uaranteed^' if alP^roups can be trained to reach 
this criterion* If the definitlbn of automatlctty Is the 
reduction of attentlonat demands by some amount defined relative 
to Ipitlal performMce^ or if automatlctty Is oefined sol^e'iy by 
reaction to a fixed afflour\t of trainings then lt'*does ap^e'^arifthat 
age differences remSTTT at^er CH training* ^Whether this Is due to 
age-related change In tne a^s;/mptotic form of tne ^ * ^ ^ 

per formance-resource, function or due to age-related change in Jbhe 
acquistion of automated responding ooes not seem to be a 
resol vable I ssuet ' . ' / 

V slightly different approach to. the question of jige related 
differences in juitomated performing Is 1 1 tustrctitd by* the nork of 
Hasher. and her colleagues (Hasher and Zacks> 1979) Attfg and 
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Hasher/ 1980)* On the basis o.f other evldanca> Has/ier at aJ» 
argue that certain types of learning/ natably aenorlzatlon of the 
oroer of eyents or recall of lists of Itens/ require controlled 
processlng/f uhl I e learning el ther tne relative frequency of two - 
repetitively etperlenced e.vents (e»g» tne reJatJv^e number of times 
you have seen tno TV epMMerctals) or recording Ihe relative a^e oX. 
an event ,(cont iQu tng the exattple/ Hhich of the cooinerclats Has. 
seen most recently) ts an automated events Using an experimental 
analog of this example/ Hasher afLd Zacks shoHed that tasks that 
Here presumed to require cohtrolJed learning did Indeed shOM 
differences In performance detHeen eltferly and youn9 adults/ Hhlle 
tasks requiring automated learning did not* Hasher et al» 
interpret their results as support for the attentlonai deficit 
hypothesis* While the res.ults are CfB^taiiTiy consistent Hith the 
hypo^nesis/ they require a specific Interpretation of frequency 
anc relative. age learning** » 

The act^ivatlon of semantic associates another automatic 
process* 'For e)^afiHe/ a varlcrty of experiments have shonn that 
requiring a person to name or loentl^fy Hoi'ds sucn as CAT/ DCGi 
*etc* j^ill Increase their speed In Identifying related terms/ such 
as WdLF and HORfSF* The effect ls*referred to is semantic 
activation/ ano has been shown ta be an involuntary process 
CPosner/ 197b)* Young yind^ el der I y adults both shOH semantic 
actlvltatlon effects/ a^s Ve^fi^lected by priming of react Ion Jk imes to 
Hords preceded by an assoc>^te (Honard/ HcAndreHS/ and. Las^aga/ 
1980)* There Is therefore no reason to believe that tnis ,type of 
activation changes^over the norklnd years* 

THE'COMRaL OF ATTfNTION 



The tern ••attention*' js sbmetlmes used to refer to4Conty)l of 
attention/ as In selecthye attention to one source of signals 
Instead of anotfier* This Is a s^^m'tHhat different concept of 
attention than the vl en^ of ^attention as a pool of mental energy; 
Tho types of controlled attention can be conceptualized/ the 
ability to atteno io one, source of Signals whlTe l^gnorlng another 
source (selectUe attention) or the ability to monitor tHO sources 
^ oif signals at the same time (divided attention)* In order to 
determine whether one or two attention allocation »bilttie$ should 
be assufNed/ Poltrock/ Lansn(an/ and.Hunt (Note 7) had subjects 
perform auditory and visual aasks'ln which Signals Here presented 
on two ••cnannely^'r^el ther by dichatic auditory present at i on , of 
Hords or oy displaying ct^aracters at two different locations In , 
the visual field* In control conditions/ signals were presented 
on only one channel* A fictor analysis I nd Icat^d that different 
abilities were Involved In monitoring auditocy oPvlsual signals/ 
but. that the same ability underlay performance in the selective 
attention and monitoring conditions* PoltrocK^'et al*^s subjects 
ranged In ace from thelr^20s to their 50s* Age was negatively 
correlateu with performance In botli'the auditory and visual 
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conoltions^ although tha size of the relation was aodest (r about 
»25)« This Moulo be expected simply Decause of the well known 
deterioration of the auditory and visual systems over the adult 
life span* The magnitude of the age--per f or mance correlations Here 
no hidher In tne more difficult selective attention or monitoring 
conottlons than they were In the control conditions* This result 
Is not consistent Hith the attentional deficit hypothesis^ Hhlch 
MOul.o predict higher correlations Htth age in situations that, 
tested Individual attentional ccapaclty limits* 



SUHHARY 



The attention deficit hypothesl;s probably Is a good heuristic 
for predicting the performance of elderly (over 60) Individuals* 
It seems less useful as a scientific model for the analysis of 
ifork performance of aoult^ In the^^*-60 aye range* In ^plte of 
claims in the secondary 1 1 ter ature> Ahe magnitude of age related 
'*at.tent lonal oefects** appears to Dermal L unl ess one wl^e^^to 
equate speed of performance with attentional qapactty* This Is 
discussed in mi)re detail In the following chapter* 

Hore seriously^ ttie status of attention as a scientific 
concept is unclear* ICahneman*s (1973) approach^ In which 
attention is viewed as a slnj^le mental resources fits well with 
the actentlonal deficit hypothesis* There are.otner views* One 
Is tnat there are multiple pools of attentional resources^ and 
that different tasks draw upon different pools (Havon and Goshen 
1979f Wtckensi 1979)* Another view Is that any .^er f ormance 
decrement that'occurs durlng^uat task performance Is due to 
« competitl.on for structures* Dual tasks that are not'high}y 

overlearned are bound to compete^ because both require extensive 
working nemor y ' sp;iCe so that the performer can konltor the ^ 
external rforld as the InperteCtly learned task Js being execujted* 
If, a task Is sufficiently practl^ed^ tl:ie need to\monltor ' 
task-relevant stimuli Is redu«eo> and performance Is reutomatfed** 
b^ause structural conflict for space In workin^i memory no longer 
oc>^ (Allporti 1980)* \ * , 

Given tne conflicting theoretlcaj Analyses j|nd thfe absence of 
definitive da^ai Hhat can be said? ^It seems most appropr I atf! to 
taKe a pragmatic posjltlon* Different occupatlonrs p/l-ace different 
demands on attent tone I capaci ty> Intuitively defined* Airplane 
plJots are usually pbr^vted to as examples of people who monljtbr 
many signals In high demand situational college professors are . 
said to De slngle-^-minded* VTKer.e will be specific situations in 
which ao apaly$is ot a-ttenfiqnal demands may hejp in under st^and Ing 
the Interaction between age\and performance* SiTcfh analyse^ till I 
require that techrilques^be uevttopecf fpr measuring attentional 
aemiands in the situation of interest* It would be naive to expect 
^hat one could develop a single meastirement procedure to serve as 
an ''attention meter" universally applicable to «r} tasKS.and 

"\ " 
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indJviOuals* IndeeO# if there are several different types of 
attenclonal resources* or If attentlonal resource conflict 
ultrjiateljr reduces to co»petitlon for Specific aitfntal structures* 
tne joal of developing an attention neter Is itself unr easonab te« 



' 6. RESPONS^ SELECTION 

I dl; 



This section discusses the relation between age ano 
Pj»rfor»ance In a class of t^sks that will be referred to as 
"response selection** situations* As any performance l^^volves soaie 
response selection* further explanation Is required* ithe tasks 
^nder consideration all require that a fairly sittPle nptpr 
Jiovesent be nade In response to k clearly perceptible si^al* A 
prototypical response selection task Is shown In Figure 23* T^is 
figure snows an observer sitting In front of a panel that contains 
four lights and. four btjttons* Whenever one of the lights comes 
on* the ooserver Is to depress the button lanediatety b^low the 
light* On a given trfal* the following sequence of events might 
take placet ^ . 

kX)' The observer depresses a hone button (button the 
figure)'^ to inoicate that he/she is reaoy for the trial to beVin* 

\Z) The light aoove button sA cones on* Indicating that i 
stiAUius is about ^to be presented* . 

^ K6) Dne of the lights above Dutt<^s 1 through 4 comes oo» ■ 

i4) The observer noves* h Is /her finger frott button A towatd 
the button under the light that .was turned on at step (3)* Call 
this the "tar^jet button"* ' ' - 

(Sh Tne target' button i?^epressed* ' 

Tbis sequence can o« modified* If the ooserv^r controls the 
•De^innlng of the trial (st-ep (1)) the experiaent Is referred to as 
oeln^ *^SAif paced*'* since the observer controls th^ Intertrlel 
Jnterval* In some studies step il) Is oipitted* s^o t^hat the 
experimenter controls the intertrlal Interval*^ tn^.thls case the 
exf'er ifittnt is satd to be ^experimenter pacea***and ^he speed of 
pacing nay b« vac led* ,In^a few cases step 12) Is ^nltted* an;! the 
^Mal is.lnltlateo Immediately after, the observer .Indicates that 
rTr^oe Is orepared* Tne Interval between step (2f* the warning 
si,gnV<^^and step 13)* presentation of the test signal* Is referred 
fto as uf^^ warning inter val * ^ The time oetween step (3) and step 
(4)*, tiiiTS^^^t^ntng of novemeiit of the finger or hand* is referred 
to is inlU^tl^^n tine* Th'g Interval betweeh step iA} anf*^ step^ <5) 
IS catleo moS^me^'t reaction t^lme (flRT)* Initiation time Is 
sometimes referred to as simple reaction tt^e (^RT) ^ there Is 
only one oosslo^ test signal (etg** only one llgnt the 
scheR)4tic of Fii^u)^e 23) and is choice reaction time (CRT) If. tnere 
e two or more poVi^ble^ignalSt In many experlmei\ts st^p (4) Is 
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Figure 23, Choice reaction t^sk. The observer moves his/her finger 
from button A to )the button under the 'lighted lamp. 
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not r ecorVled^ so that the dependent variable becones tne reaction 
time befneen events* (3) and (5)>, l*e« tne sum of Initiation and * 
Bovenent tlie* In this case tKe dependent variable is called SRT 
or CRT> depending' upon the nunber of different signals that flight 
have^ occurred« 

The display panel used is often slightly different than that 
shown in Figure 23*. Instead of havJno l< Jocatlons for a signal 
•there nay be onfy one locations often a cathode ray tube or 
picture screen* The subject Is told in advance which sttaull flight 
appears and Instructed to*»ake an Identifying response ^to each of 
thefl« f=or exaflple^ an observer flight be told to throw a Joystick 
. to the left If the figure was displayed^ and to the r Tght 

If the figure was displayed. Tnls would be called a choice 

reaction tiflc (CRT) study, With coapatible st Iwul us-r esponse 
natching^ since .tne response required coincides with ^ usual 
Interpretation the neanlng of these figures* | If the 
stimulus-response mapping were to be reversed> so tnat the 
joysticK was^to bje »oved left In response to a rlgnt pointing 
arrows the experl'vant would be said to have an Inconpatibie 
St inulus-r esponse napping^ 

V The logic of the CRT paradigfl can easily/oe extendeo to ^pply 
^to auditory^ tactile* or olfactory cues* 

Ut)viou&ly the CRT par^^olgfl could be aflpii^ied to becone a 
test of either p^er ceptual or complex cognitive qapaclties* For 
Instance* two ifnes flight be displayad In a pincrKjilth the 
subject being instru<ited to press ^a button on the side of the 
longest line* ,If the lines differed 'onl> slightly In length* this 
would be a test of speeder percepttonf Alternatively* an Integer 
njght De" dlsplayeo* with the subject being Instructeo to aove a 
> joystIcK to the*rignt If the integer was a prime number* and to 
^ the left otherwise. In this cai« reaction time would become a 
seasure of sj/^ed of rather sophisticated mental arithmetic* All 
the reaction tUe studies to t>e described In this section Involve 
situations irx which the stimulus Is Immediately perceptible^ Its 
interpretation- is trlvi^al* *and tne «ajor task is response 
selection* Situations Involving an evaluation of the stimulus 
prior to tne response will be c.onsldered In th^ next seotjon* 

^ /A Wny study response selection? Response selection Is a 
fac^-v«lld analog of a nunber of situations Involving machinery 
operation and/or the flonltorlng of display panels* For this 
reasoo* response selectlo'h paradigms' are sofletlmes Included In 
t^st batteries for selecting equlpaent operators* Including j 

. aviators* Response selection has b^en held to be of theoretical 
Interest *^ec^use it epitomizes Choice toehav lor* ch 5ome think 
to be a basic stef^^that underlies coflplex reasoning* The 
t^eoretlcal argument is valid if tne mental processes underlying 
response choices are Indeed an«ilagous to those choice processcT^^ 
Involved in reasoning and probl.em^ solving* One could argue either 
way* ars the data does not conclusively conflriQ or deny the ^ 
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hypothesis* * Jtnsen (X960> has reported sttverti experiments 
Indtcating that groups of people Mho obtain high I ntei 1 1 gence test 
scores ttalce choice reactfon responses aore rapidly thifn do sanples 
froK ioM scoring populationst Hoveaent reaction tiae^ on the 
other hano# does not appear to di fferent i ate high and Ioh scoring 
grou'ps* Work In our own laboratory has produced alxed resultst 
In .soae studies CRT iias been found to be correlated Mith scores on 
both verbal and non^^verbal intelligence tests (r of approxlaat^ly 
-♦3« high scores being associated Mlth fast responding)* Other 
experlaents have failed to locate a reliable association between 
CRT and tntelligence test scores (Hunt^ ,1976; Lunnebor^ 1977} 
Palver^ HacLeod/ Hunt^ and .Oavl dson^ Note 6)t While Me stop short 
of endorsing soiie of the more extreae clalas tnat have been aade 
concerning CRT paradlgas ^s basic techniques for revealing aental 
processe^^ It is clear thit these sipple tasks have a substantive 
cognitive coaponentt 

^There Is an extensive literature on the relation between age^ 
HkT^ 5RT^ ano C^T^ and'«severai revieMS nave bec(Vi written (Birren 
and fielford^ 1965} Welford^ 1953^ X977)t The ac^st recent review 
by Welford (i977) Is particularly relevant^ ao^ aany of our 
coaaenls are based .upon his analysest ' 



It IS clear Xf\^t response seleCtLon sIoh? ntth age^ and that 
the sJ-OMin^ Is du^ to the^ Central prcrbesses Involved in Initiation 
t.iae (SkT and CRTV rather than the flotor responses involved in" 
HRTt (Sallhouse (1976) has observed that fine aotor ^oveaents 
exhiDit only av^saal I aaount of sloHlng over t^he Horkfng yearst 
Largie aotor aoveaents and aoveaents that depend upon ^ 
card io**vaScul ar f onct loni ngi^ stfch. as r^unnlng^ are more affected^) 

Welford (19/7) offers *J -.---t^'- 

conct uslortt^^ Consider ^ 
targett ^Uch a task cotn^lsts solel 
s igna I llii^ stiaujust Provided that 
nealthy^ ^hare is I i t tie 1 ncrease I 
60* Quite different results are obi 
reacT^i-on tlae |(SRT) paradlgn^ In Mh 
noae position to a fixed targets o 
increases by a^pout 50Jt frqa the 2^ 
increase Is aljiao^t enttr aj[.?'"tia£ !to 



^Jpar^tL^i^r ly c?ogirnJtJar ^uacnt for Uhls ^ 
^task in iihiefh the prrson slaply taps or 



KRTt This cli 
fact\)r£ produj 



ly indi( 
the aglr 



iAgeV eff 
^ubjeict Aust 
per f 0 
ps/ch 
and A, 
thei 
deo 



nan<^e 
notor 
enber I 
60s \n 
ding# 



select th 
n CRT '^ta 
taskSt T 
a97o). 

re\ tfest 
nd \ier 



on a 

of HRT^ as there is no 
the Jndi vidua! is reasonaly 
tapping rate froa age 20. to 
ained using tne slapte 
ch tne^hand is aoved froa the 
deaand* Reaction tlae (RT) 
to tha^ SOs* furt^raore^ the 
an incf;ease In SRT rather than 
entral rather than peripheral 

4 

if;. , 

\%o pronounced in CRT studies/ where the 
appropr/Ute response* Furthefnorei 
Is reMted^ perforMtnce in other 

a study by Rober tson<-T«habo 
^tthy iouits rr?r34«4froii th«ir 20s to 
dsing a /variety of ^inpl^nOtor^ attention 
pttial tasJtSt The O'attery included tasks 



eff etft 



s I Ml i ar t'Q 
react loi 



the iicototyjil cai CRT task described ibove. When 
factor analyzedW the first factor wbs a "choice 
factors' identi/f led by the CRT tas.lt, 



ERIC 



^7. 



-44- 



The relation 




I 



Score on a choice reaction time factor as a function 
of^age* (Robertson—Tchabo and Arenberg, 1972>. • 
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betM«en an IndlvfduaPs age and tha score on this factor Is shown 
in Figure 24t Spaed of xasponse selectllon cl ear ly' dec I Ined with 
age* a result founa In nuaerous other s'tudies. . Individual 
differences Vare pronouncedi Quick '60 year olds in • ' / 

Rbbertson-Tchttx^and Arenoerg's study parforfted as well as aost 0f 

olds. Conversely* there? were slow younger persons 
Hfipse perforaance approached the average perforaance of Much older 
Individual a. Note especially the increase In individual 
difference's with aj)e» 

The data >rron choice reaction tlae studies ai'e often 
sunaarized by the equation' 



. CRT - A + B (log N)# 

p«nere A and B are positive constants^ and N is tht nuBb,er of 
posslole responsesf Equation (4) expresses the fact tha\ JogZ N 
16 the average nuaber of decisions that wauia be «ade> across 
trUls/^ by a responder who Mas foiloMing ^perfect decision 
str8tew7 In selecting a response (Garner 1962*)*. Thus an 
Interpretation of Equation' (4) Is that 8 repfesents the 
aaditionai tiae required for eacn added dec I s ion> wnUe A 
representi^ the effect of all mental and Botor r^ponses thitVdo^ 
not aepend upon the nunber of alternative responses available* 
Under this interpretation B reflects purely cencrO> decision 
*«iaklnw processes^ whjie the value of A reflects both perlpheralt 
and central processest If one of .the effects of aging Is to slow 
central dec I s i orv oak I nj processes^ one Voutd escpect to find age 
effects in the (tent irety' central B paraaetpr as well as .on the 
value of At . * , 

- * 

The eaptrical results are not this precise* Experiments on 
CRT aiaosc always snoH age effects on k$ and only sofletHies on B 
(Wetford> 1977). However, BJrren (19«5) cUes several studies of 
reaction tliic^ wnlch he inter*prets as ru44-ng out age changes In 
peripjieral movement time as the primary source of age changes In 
choice RTf Host other commentators agree with his conclusion* 
There is no contraalct ion> because the A and B parameters 
might respond to different central processes* Just what these 
might be Is not clear at presents BIrren has speculated that 
changes in tne 8 parjameter are due to minor cardi O'^vascul ar 
problems^ 'result ing \n a decreased supply of bJt»pd to the brain 
(Birren^ Woods> and Wllllims^ 19801 see also S2a'fran> 1968)« If 
corrects tnis speculation would be of Interest both for 
theoretical reasons » why should cardiovascular deficiencies 
prgauce a selective effect on one^aspec.t of decision making and 
not another? and for practical reafons^ bec^iuse CRT might be 
used as a behavioral ^ndex of minor brain damage* At the present 
time there is insufficient data to support or confirm the 
nypothesijs* * 
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Self p«cea CRT experlnents alloM the subject to deternlne the 
/ rate at^whlch responses Must occur* It Is widely neld that If 
4/ people ere forceo to aake rapid responses age ef f ects, .wi 1 1 be 
Increased (Velford* 1977)* The evidence for tnis ass'jrtllJn Is 
, rather weaK^ especially for subjects under age 60* ,F.igure Z5t 

shoMS perforaance on a paced and unpaced tracking task* Although 
this data^'has been cited as evidence Indicating that paced 
responding is-olfficult Mith advancing age# the situation appears 
aore complex* Perforaance Increases with age in self paced 
\respontfing* up through the ^Os« It reaains constant over ti)t saae 
VefJod If the, responses are experlaenter paced. Be.-yontf the 
Morklng years there I s' a decline In' responding^ but the decline 
due to age is additive to the decll;ie due to pacing Itself* These 
findings hardly support the fairly widely held oellef that workers 
In tneir rortles or f if ties. shouTd not be given rapidly paced 
tasks* On the otncr . hand* . l/idOst r 1 a I surveys do Indicate t-hat 
wnen giveii free Choice* , older wdrKtrs avoid pace-d casks* 
(Interestlngly> they do not avoid situations Invol vlog^t)«avy 
pnyslcat labor)* Since the questlori of responding to situational 
pacing Is laportant in soae Industrial applications* the topic 
\ snould be given furtrer study* 

.-introdiLicing stiaulus-response incoapatabl 1 Ities will increase 
age effects* Figure 26 shOM^ the increased age effect obtained by 
Stern* Oster* a'nd Newport J[1980) when tn^ changed a task froa . 
being eltner a s.lople response td a coapatlbie* binary choice task* 
and then to an incoapatlble binary choice task* FJgure 27 shows a 
stMllar result oDtalned by Kay (195^) using a coapllcated twelve - 
choifce r.eactlon tiae task* In each case the aore coapllcated 
response ca^uUtlqn produced a auch grater age effect* Why this 
wouio ^ is noc clear* Presuaably the incoapatab 1 1 i ty 
coaplicat4s the aental conputatlons Involved, in the response 
selection process* While tl:is is of interest theoretically* the 
' practical Upoctance of the phenomenon Is probably slight/ as joorf 
huran engineering practice dictates the use of coapatlole 
stinulus-r e'sponse aapplngs* ^ 

When does the age-related slowing In response selection oegln 
to appear? Sone reviews indicate that the effect only begins to 
appear In tne &0s and beyond* This stateaent is apparently based 
upon tne fact tnat statistically reliable changes \n perforaance 
wltii age often do not ffppea/ until until latejilddle age*. On the 
other han*!* It Is genera 1 1 y. the case that people of age 30 are 
sllgntly slowerjthan those pf «fle 20* people In thelr^^Os ere 
sllahtl'y<£T(f><er tnan thoie In their aos* 'and so 'forth* This 
. pattern suggests that the deta aignt aore accurately be described 
by assusiing tnat there was a continuous slowing of response 
selection with age* To answer this question* we have caUulated 
the fit of tne linear regress^lon equation 

(5) Reaction tine.* A * 0«x (age) 
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Figure 2B. Chwge In; reeictlon time as a function of age and type 
task - simple reaction time (SRT), 'two handed task' 
reaction time (BRT), choice r*^rt1on tiroeMCRT) ^nd 
, ' choice reaction time.wlth Incompatible stimulus- , 
response pairing (RCRT). After Sterp et. al,,^1980). 
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^'•COMLEX TASK ' 
^ RESPONSE KEY 
. REMOVED FROM 
"DISPLAY 



SIMPLE. TASK 
RESPONSE K^Y 
NEAR STIMULUS 
DISPLAY 
I L 



15-24 25-34 35.-44 45-54 55-64 . 
AGE ♦ 



TIME to RESPOND TO SIGNAL AS A FUNCTION 

OF AGE AND STIMULUS - RESPONSE COMPATABILITY 
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( KAY, 1954) 



Figui-e 27. 



ERLC 
11-^ « - '.^^fcp 



83 



.1. 



Table 2^- 



TASK 



Speefi.of Writing-<^irren and 
' eotwinick, 1951) - Minutes 



.1.3.6 



& \ 



Two Choice Reaction Time. 
, ^Goldfarb, 1941) - Milliseconds 





4.20 



Fft of Equkipn RT = A.+ B {Ager)\ 

For .two simple tasks 
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to two ^idety cited data, sets* To QvoJd spurious *f Its due to 
extrejie deter lorat Ion 0/ functioning In old age^ We considere^d 
only th'e age range Z0**6d* The results of our calcultions are 
Shown In TabU 2« The analysis strongly supports the contention 
that a slowing of response selection oegins by.age\^0> and 
continues gradually throughout adult life* \ 



7t SPEED OF COGNITIVE PROCESSES 



This section dlscus^ses choice /eact I on ,t 119^ (CRT) paradigms 
to wtilcii reaction tine Ts determined by cognitive **cofRputatl orVs** 
rather than by response s^le<^tfoiVr To^ ;Vn^«.ciftaad what Is meant by 
trtls^ consider a skeleton schedule of events^ for % CRT exp^rl'mentt 



(1) ^iarnlng signal' Is- presented'^ 



(21 Stiauius tnfornatton is presented 



sel ects 



. Biased upon an, eva luat I on of the 
and makes^a response* 



Infornat ipn^ the sjJbJ>9ct 

i ■: ■ 

thft preceding SftctLonj, 



CRT ex^^af4^i4 nts dlscas s gd ,jn - 
evaluation coaponent was mtnimized^ because' I diancir Icat i oh of the' 
stUulus was equivalent to response selection^ The studies ^ 
desorioed w^re rather like stadylag^the time re<iu4red to decide to 
brake" upon seeing a red light* It is easy t^ a/range an ' f 
experiaent in wh1c7> the evaluation phase is far f r onr tr I v I a I *' To 



given earlier^ one colild Instruct t subject 'to 
the rijht at step 13) If <a prime number £4as 



repeat an example 
* throw a swi tch to 

displayed In sl'ep (2}« Following the lead of a number of 
tneortsts Kjt.^.f Saddeiey> 1976)> w« shall describe the evaluation 
Dtiase ^s requiring cojnltl^e computations upon an internal / . 
jFepr esentatj on of tne externa l\wo r Id* Host of thes.e compute 1 1 1 ons 
are assumed to tane place In "working memory**^ which Is thought of * 
as a sort of worKbench that halds In/^ormatlon about the current . 
^tate of. external arffairs*. Working memory/ however> appears to be 
llititted Jn s^>ize/ ,so that information must be continuously passed 
.OKer from working memory Into secon^lary memory for .more permanent 
stocaije* CotijIoqulaM y#^ one can grasp tbis distinction by 
)mag}<ilng that you ar 9 1st en I ng to *a speech* Working «eiPo/y ^ 
Houio contain a close to verbatim recofd of t^e exacts ^or^s t^e 
speaker just uttered^ while secondary memory would contain a , 
representation of the ideas the speaker was trying .to develop* It 
IS assumed that during comprehension all computations take p'lace 
In wording* memory^ but that from time to t^lne It Is necessary .to 
fetch info/matlon from secondary 'to |g^klng fRemory« Haintainence 
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of information 1^ wortflng aie«ory Is hela to be an active process* 
requiring attent lonal -resources* Mhlle iia Inta inence (but not the 
fetching) of Inforoation In secon'oar y-|ieoor y Vs thought of as a 
passive process' There Is evidence that Morking netocfry «nd 
seconaary neaory oepend on. olfferent physical' processes. 
OlscussTng the evloenoja mouIo carry us .beyond the scope of this 
report* 

tine cahftot speak of the effeolency of wor King »e«or y -v 
coaputatlons/ in general* beci^use there are probably several 
d4fferenjt types of co«putat Ions* each of wh I ch .oay .respond to 
different variables. We shall review evidence conj:erning the 
lnteractlo» of age with four dl f f erent- types yjOf ae^ory 
computatlonsj locating::* veVbal Item In aemoyy* co«pr eheno I ng ano 
reacting to simple sentenced* fetching semantic Uf orwet i on Into 
working aesory* and the nanHpu I at Ion of v IsuaJ-spat 1 al Uages 
"'Mnsioe the head."* The first three computat i ons 'ar e considered, 
e'lenientarjt steps in verbal thfnklngr* while the fourth represents a 
hpfi^verbal -conputat fon* 



McmurV- scanning 



It Is generally'agreed thatpne of the things that working ^ 
neaiory aoes Is to hold an (aujytory?) reprfeentatlon of linguistic 
terifis. consider the escaaple of listening to a speech* as 
"oe s cr . b e 0 a b 0 V e ; An ex4 r e>i Tl-y- -sri-»P+e-^ef-fr^ ^-*sk-+Sr^ 



•enory to deter.i ne -wnether or n6t a (iart^lcujar lt« 'J-^'" 

The ^peed of scanning working oemory isT^Sua ly. tested by 



set 



using a "jienory scannlr^g" para^lgn originally developed bV 
Sternberg (1966). Sternoe-rg's procedure is shown In F gure Z8-. 
the subject IS first shown a rtunber IN) of fa.Hia.r s^*."" . ' 
calleo the "oemory se,t". N is Tphosen to be saal enough (usually _ 
6 or less) so that the labels can be held In working (uenory. Once 
the nemvy 'set has been st>ohn*\a probe stimulus is displayed. The 
observer 's-tasn is to i nd i cate \hether the probe iteii-was a «en(ber 
of toe mefflory seti This, c^n ortlV';4^ done by (^osparlng the 
stinulus cnaracterTstits of the pjftfbe- Ue« to those in the roemory 
set. Reaction t'Ue (PT) is typically found to be a linear 
function of the .sue or the aenory set.. The 

functloTi can be regarded as an Inalcation of the ef f IcTency- of the 
meH'Ory scanning. 



4P 



.A me»ory scanrvlng escperlnenti^by ^noers* .Fozard/ a/id, , ^ 
.LUl^quist (1972) Is frequently cited asfevloence tftatsworking 
neffotyi is scanned -Borc slowly wit^ "^^^^^ ' " ti^iv JX !^ groups .of 
supjefcis Here stuo i eo» -.w I th mean ages of ZO/^TffTa-an-d \|6. T4v«f^ ^ 
jlope of tne' RT-f*e«iory/set f unc t i on was ^9 ' i®"*, j)". 5^* , . . 

youngest^group* .6'3 'Irr'^Jthe nidoie agetf gr'oup,''1in\71 ,ij/ the oldes^ 
^roup. There was no difference In .intercepts bebiA^ tne 20 and- 
.3<j year old- groups. The Intycept of the^oldest group aas 
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Figure 28. A sequence of Events In memory scetnning task. Tha sTope 
Is a measure of speed of access .to information]^ working 
memory. ^ 
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Figure 2&. Time required to identify a character as a, member of 

, designated set of "positive" itens. Lower curves - items 
/ from front of alphabet. Upper curves - items from center 
—of alphabet. After Thomas, et. , 1977. 
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narkeQly higher than that of the tHO younger one^« A %4j4)sequent 
study by Anders and Foztrd (1973) replicated this result for the < 
young and old groups *only* ^ ^ ' - \r 

Because this expertnent Is Hidely cited. je*9* CralK^ 19771 
^Sternberg^ 1975) crltUal exattJnations of both tne data and the 
design are In order** A surprising flndi^ng Has that the middle 
groups 3a year'olds^ perforied More like the older than the 
younger gfoup^ even though "the chrono fogi cat age of the ftlddfe 
group Has closer *to the younger. Taken at Its^face valuer this 
suggests tajit the speed of scanning HorKtng oenory i.s an unOsudIfy 
age-sens 1 1 1 ve function* Konever there aay have^been population 
differences otheY than age* The younger group Hjts recruited fron 
nospital staff aenbers^ Hhlfe the. tHO ojoer groups Here recruited 
from' a panel of Volunteers participating In a Veteran's, 
AdAtnt stratlon $tudy of aging* It nould be Advisable to replicate 
this study^ usiny either a longitudinal study or a cross-sect I ona! 
study, in which, all subgects nttre recruited froe co>aparable 
sources* It ^houlo be noted^ tnough^ that the old vs* young 
contrast .is not jn questions as the finding that the elderly have 
slOH Aeaory scanning rates has oeen^ r epi I cated* The forpi of the 
age-pcr Tor jirance fufjctlon (.s still unclear* * ' 



A'Stuoy.by Thoaas^ Wauoh^ and Fo^^ard (1978)^ using a related 
paradigms su^^g^sts that thdS^peed of oeaory sc4nning does decrease 
hlth a&e^ but not as rapidly as the Anders et al* results would 
Indicate*^ In me Thomas et al* study aeoory set size Has held, 
constants flc>y alnays using either six let ters d raHn ^f foii the^f ront 

alphabet^ (p^ gH^^ t^ r^ I ) * A single letter nas displayed on each 
Jtrial. Tne tasrn nas to indicate nhether or not tae tetter was a 
QeAber of the menory set* Thonas et al* observed that^ for so^ire 
unknown reasons people are faster in responolng If the memory set 
Is orahn tron the first p^rt of the alphabet than fro* latter 
part* Regardless of Hny this Is so^ Thoaas ti al* argueU that the 
fact itself indicates that aore processing Is required to match 
tne leitersjn the^sep^d set* If conputat Ions In Horking memory 
generally sI'oh nith a^e^ then age effects should be flaghlfled . 
Hhen the ''sfOH'* set of letters |s used* Some r*eldvant portions pf 
their data are displayed In Figure Z9* The hyp.othesU Has clearly 
^uppqrj^a* Furthermore^ the relation betneen reactron tine and 
a^^e ifaS ei tr.er 1 1 near or px>sitlvely accelerated* T^is contrasts 
Hlth tt\^ neyatlvely accelerated function obtaineo by Anders et al* 



The logic of memory scanning expeVtV^t^ c/p^b&!e xtended to 
s^uoles of retrieval of information from seco^ary memory* The 
most stral ghuf ornaro H»y t^ do this is tjo^ Extend tne size of the 
membry set* A jreat deaW of resV^rch {conducted outside pf the 
stjjoy of a^lng) has shown that noYfttng memory corVtalns at most 
about nine Itemsj In ordel^ ^o test secondary (memory^ one simply 
.uses a memory set conta^inlng more fhan ten Itios^'tnus ensuring 

r^etrieved f f am secondary memory* 
^nd found A)tJ^^ stronger, age 

C- • . --891 W ' 



that at least so^ne of the list Is 
Anders at)o Fozard (197j) J3ld this^ 
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effects on scanning Infojaafion In secondary tnan.ln prli$ary 
.«eBor>« Unfortunately for our purposes^ Anoers and Fozard only 
tested, young <20sr and old Ib^^) subjects* 

Sternbergts Inepor^ ^canning paradigm J& Questionable as a way 
of testing thelsc^nnlng of v^econoary, neiiory^ because of the 
difficulty of ensuring that a partlculs^r i|eii is retrieved from 
seconjdary aeftorW and because thet*«r I? cor}>l der abieyloubt as to 
Mhether^tnQ linear relation between PT ano7list siza holds for 
lists too long to be held In working nemor^* SInce/the question 
of age effects, en spe^d of access to L^foriat Ion |n|secondar> 
nenory reitain$ w sensible one# ' ^' ^ ^ 



sonewha ^ dif fererttvpi 



been developed ;to address It* Fozard and Poor\ (i97j 
the t ve 

Hypajtfr?t+c^ 



!d jco address It* Fozard and Poor\ (x^/r 
fT^irs of arbitrary woro^word a^so^iat'64* 
exaaple of the itens used arei., 



radlgps have 
) had peoDl9^ 



do^ lar^ 

P'age 

foot 



" igloo 

— table 

— mouse 




Each item was presented .twice In a block of twenty four trials^ 
and blocks wore rctpeated until 'learning was coQp-lctte* After tne 
first block learning Mas by the anticipation iaiethQ4.»..K,.A^tLi 0»^l us 
' itei) would b^e presented (e*g* dollar**? )» a response r%iorded> 
and> Ir necessary^ corrected* Using thl.s designs one can ex>aailo^ 
the time required to oiake a response on thcf second pr esenta t l\on in 
Sa c n tJtoc K z s 4 f \jnct t o tr ^rl^ "tttt^ t nt er -oe t Heen— t^ve-'f-i 
second pr ese<ttat Ion* The argument for^doln^ so Is that If tifi 
trials using the, sane Iten follow each otheK l4nedliately# the < 
answer will be fetched fron primary atemory^ whereas If several 
other trials Iriterv^^e ttyB respo^s^e must be fetched from secondary 
oemory (AtKlnsoVi aad v^h I f f r In^ 1968)* At ^hort Intervals there 
was only a slight dlAference in react'lon^ times between three age 
groups (fReaf^ atfrt 20? ,53^ 63)* while at lonaer Inter-trlal 
Intervals the tw\^lder groups ntrf^ markedly slower* 

- \ 

The pr Imary^sitc'ondar y memory, dist Inctlon was expanded upon in 
an expcrlfaent by Wa^gh* Jho^as* and Fozard (1976) which permitted 
a direct compafison of /"e^rleval times from each type of memory* 
In tne first part of tht^ expef iment* subjeots simply r*ead printed 
words* T^ere was virtually no d I ^f er ence* In n\imlng time across a 
M4de^ age range* In the sec6nd pzrt of the experiment* 12 Item 
pair ed^assocl^a te lists HGure presented with a proceoure slmflar to 
that of the^Fozard and Poon study^ Fojjowlng the presentation o? 
set of pairs* tne cue ter^m for the last pair would be presented* 
An abbreviation of the sequence 'woufd bei 
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yam - zoo 
vat " wig 
InK jam 
• 




90 



7 




Task 
Word Naming 



Table 3 



Age 
37 



584 



50 ' j 



583 



Paired AssocTates, 
Working Kemory 



Paired Associates, 
Secondary Wemory 



721 



.1222 



■ 741 / 



1469 



V 



Geometri c^H ea ns^(^ec)^flf^React1on^T1^ 



Ing^neiDory and secondary memory (Waugh et al.,^1978) 



Aging and Cognition 



'^^^ ■ / eet - fox 



ept - ? 



JJxe tllie required to produce the response * f^f^^" for the •*eei« ^ 
cueJf^Mas recorded. Presuobty the retrievtt of the response tcr» 
Has fro* priaary neMry> since no lte«s Intervened oetween ,^ 
presentation and tes^t. Hence RT »jas taKen as a Measure of the 
speed of prlaary aeaory retr^evalt - ^ , , ' 

In tne ^eccTnd pe/t of tne expeVlnent/ particjpants feeaorlted 
ail twelve pairs of associates. Hn^Aonlc cues ,Mer^e gl ven t? aid 
then in polng this* After the list Of associates had been 
meporJz^Cf l^idivluuat cue Mords Mere M^esepted/ and the Pesponses 
to tne^ Mere tlaedt In this case the Wesunptlon Mas thet 
retriev^al Mas froa secondary ae*ory» T^ble 3 shOMS the results* 
A positively accelerated function relating RT to ajlng„4S clearly 
eviilent in tne, retr 1 evat d&tat RetrlevaU tros s^conoary aenory Is 
consioerably $ioM^r> and the age effect$^are largert 

i " * * * 

Purt her conf I ra ati on of the liypothe^ Is that aglrig has a 

Substantial effect on f etr I eva 1^ t iae froa secondary aeadry Mas 
obtalneo \Sy ^oon and f^ozard (1980)/ usIrVg a continuous recognition 
taskt In this experiaent subjects Mere vresentid a long series o^ 
Moro^t hlth each pr esenta-t ion they had to Indicate Mhether the 
woroihad oeen -presented before. 20> 50 ^nd 60 year olds shOMed 
saalt/ but reliable RT differences for moms, that Mere still In^ 
the 3 pa^ of prUary tMorklng) "afiaory. ^The dl ff erences In 
retrieval, tiaes bccaae auch larger Mhen the Moras haoTto oe^ ^ 
retr leveo^f roa secondary aieno/y»' V^^^ 

The* I I ter a'ture- se'eas strong enough to Marraol ^a flr* 
c^ncluslpn. In s t tuat ions . In Mhtch an individual's queried about 
Inforaatlon that .has beert received Mtthin thejast teM.alhutes/ 
Inforaation retrieval becoaes sloMer as Me age. Effects ^re 
clearly evident by age 50* The data is sparse for the ^0-50 age 
vMttQtf but presuaably there is soae sloMing of response* The ^ 
aao'unt of slOMlng and the effbct of age upon sloMfng of_ 
Jnfo^raatlon retrieval Kill be greater If the Itiforaitlon aust be 
retr'leveo froa secondary rather than Morklng, aeaory* Whlje th> 
practrcal ii^pwortance of these observations h^s not oeen 
deaonstratea (or even Investigated)/, tne fact of stOMing should be 
kept in ftind In^ the d^sfgn of worK situations Mhere a iper son «ustt 
keep tracK o^ rapidly changing sljtuatlons* Given the exp^erTatnta f 
evidence/ ^tudfes of age effects on tasKS sucfi as those of a ' 

.oispatcner J air tra/fU control Ler> or tire direction officer seea 

,Mar-rantedt , • ' . 



fcTCriltlG iNfORHATION FROft StHANTl> MEHORY 

» - _ . * < 

the lt6<RS of Inforw^tlon- In M<ifltlna »e»ory ire not 
trinsouctJons of the .phyil^ctl stlau^lus^ they tne Interpretations 
'of thet stimulus* Very Biny experl«ents> Mhlch He shell ■e^fcfr ni( 
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tttedpt to review^ have showi^ that when a person \z shown 
neanlnsiful syobol> such as the visual stlaulus CAT^ the entry In 
Mo'rk tn^f ftenory is n^t a representation of lines a{|kd angles^ but 
^rath«r^a r epR.esentat I on that Incluaes the senantic neanlng of our 
^Mord fffr ^sealU furry ,ao«estI c, f el lne«" Obviously this seatntic 
Information oust br retrieve^ fro« p^ersanent neMory In order to 
understand spQ^ch* Rapid access to semantic TnforQiation fs' 
laportant in' aany no;i-verba I problea solving sltuatlpns as wel l» 
although thls^aay because huaans can use verbaf representations 
of trtese problea;* Because access to semantic Inforaatlon is sucn 
an Inportant feature of our thoughts ft Is reasonable to asK. 
^niitnt^r or not« the speed of access to senantlc -inforaation changes 
hj th age« • ' ^ ^ 

There are actually thr-ee questions^herej. how Is seaantlc 
access to be aeasuredf Is It a reliable diaenslon of Individual 
v^r i at I on# «and does thi^^'d laens Ian of variation coVrelate with 
age? Several procedures f^^ aeas^urlng seaantic' access tiave been 
developed* They all require tHat a person calculate a response by 
retrieving sone^'well Known '{act« Gnfi exanple Is a staple word 
recognition trasK called **'lexica4-Jaefvtif Icat ion**^^ People^^are 
shown eltner^a comaon word or a iion^word letter string that* Is 
foraed according t^ the rules of Engl i st1\'or tho^r aphy « An exaapie 
of a non-word W0UI9 be RAOE/^whtch Is not a word> but does pot 
vtolate any spelling or pronunciation rules* Slightly aor^ 
complex tasks force people to coapare the seoianttc neanlng of two 
or acre woros> as In responding to the questloiit^Is a canary a 
Jbl rd?**^ Tests* of seflanTK^j^cceys are not always based on written 
1 affyttagci fln ooseryef can^e asKed to naae a h i g h l y fa wi^+ai" 
visual stjaulUs> such <cs^a^icturd of a b^fd or a houses The 
cornon f^^tqre.o^ all these tests fs ^hat they requ.^re th^ 
calculoTlon of a 'response^ .based upon knowledge of seaantlc 
inforaatlon about the Horld> rather thap upon KnoKlege about a 
particular episode In a person*, s own pasj: history (Julving^ 1972)t 

It do«s not seea to matter too auch whicn of these" pro€^dures 
is used to measure a person's speed of seaanttc access^ as the 
resultjng neas^rei are highly correiatecT across individuals (Hunt^ 
0«vldsoii> 4nd Lansaan'^ Pa laer / * HatLpod^ Hunt> and Oividson^ 

Note c%) The fact^that tnere Is a reliable '^senantjc access^' 
diaension of indivld;jal differences appears to be clearly 
estaDI isheii . . " ' * 

As^e effects have bee,n tittle studied^ which is unfortunate 
gJven the Ifuportance of semantic access in everyday reasoning* * 
The only adequately control leo studies that we located wfre 
rel-ateo experiMnts b> by Thomas^ Fo2ard> 4nrl Waugn (-1^77) anJ by 
Eysencit (1975)i The Thpmas.et alt study is of nore Interest here 
oecause it covereo tne age tangos 30-o0^ whereas £ysenck 
cons I aerc'd "ZriHy groups in thei-r <ros ano fate i^Osv People were 

gsKej3„>CLi±lnuL,^aX-to^aaar p lctufps^^f- .aomiioi».J tftfl!s_^or. JJbl nn^tk 

giv.en a name# to toil whether the foilowiq^ picture, was art ^xamPle 
^f thti n«iae (ps In the word ^^^ice'^^ followed. by a picture of dlce}t 
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Figure 30. t Time required to name an item or match it to, an indicated 
'X setrtantic category. After Thomas et. al., 1975. 
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Tnofftas etf^aU'^s cata 
evident* 



s d'lsplftY .»<i-4-frf4gure 30. Age effect/ are 
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We Hould hesitate to generalize Nidelyifrom the Tno^as et 
study to s^Aar^lc access to yeneraU^ Although picture 
Identification and other strictly veVbai n^asure^ of seaantic 
access are highly correlated In young adults (HogaDoan and 
Pettegrino^ lv7oj Hunt et al«> 1961) this aty not be the case for 
people In their 40s and 50s# A picture naming tasK has obvious 
visual as Hell as verbal coaponents* The psyxhonetr tc . data , 
Clearly Indicates that age affects visual I'^atUn adversely^ Mhlte 
verbal caf^acltles are retalAedt It should oe noted tnat Measures ^ 
of semantic dccess are Ir^tent lona 1 1 y designed to be tests of the 
'^avaiUbi 1 1 ty^ of culturally relevant lnfor«atlon« As such# they 
epitomize Horn and Cattell^s daflnlMon of the crystallized (6c) . 
Inte 1 1 1 jence> >ihlch Is said to Increase Hltn .age^ It Is 
difficulty to know f»hat sort of prediction to oaKe concerning 
performance in a speeded seaantic tasK that pi'ts expected 
Increase in cr ystal 1 1 ze^d Inte 1 1 istence agalast an e;cpecteo decrease 
in cognitive coaputatlon^ Depending on Hjhlch of the tno 
^ge-reiated processes d{p0inated# one could aake a case for 
predicting aa increi'se or decrease in speed of seaantic access at 
a p arti cular a^e* Clearly the question can only be an^nered by 
researchi that dxplores*the performance-age function In details for 
a variety of semantic access tasks*. 



^ rtANl^ULAT IN^J VISUAL IMAGES IN THc HEAD i 



The last, paradlijm to tte discussed differs from the others In 
that It. requliN^s 'the man i-puy at I on of a visual ♦•'mental Image^ > 
inssj^eaa of the .m-anlpularfon of language Information* Based on the 
Psychoir.e^r i c ftndlngs^-it is knoHn the ability to make that such 
manlpul at^oOs\ ioes not refiex^t the same dimension of individual 
differenci^^ as does the ability to do verbal tasks* , | 



jExper ime 
persoh manipu 
var I at icp or 1^"" 
Dy Sheparg and 
31* - Two i^eaninjl 




tfTat seek to determine the speed nlth Mhlch a 
s visual information are usually based upo^rv a \ 
'•spatidt rotations'^ paradigm developed orloinally 
T^he tasK is illustrated In F^igure 
e bresenteb^ at different* angies'of 

The 



lesV^f Igufjy aVc 



orientation Mith ,res9>c)t/vto jhe oi)server»s lihe of sight* 
observer must Ind i cat^'Nhether on not the tHo f I gutes ^r e 
identical or are mlft^vr images o9 each other* This tasK ts^of 
interest oeCdUse. it cfen be thought^^of as an e^jper liental analog 
tasKs that re'qul/e a person to reconcile different visual 
per spec 1 1 y&s> a skill r^ej^ulred i/n a number of mechanical 



operations* RT 
by the equatioj 



irt^spat*va[,l 

I 



rota 




ion experiments can be described 
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H>iere G Is the angle of rotation required to bring the two figures- 
ln\o spatially congruent nenttt r epr esjentat ions* The par>neter 6 
. ctn v|>e>re9arde^ as the^tlne required to ^rotate" a eental Inage 
through one degree (Shepard dnd Hetzler* 1971J Cooper, arna Shepard*. 
19731. _ 1 . 

Gayloro ana Harsh (1975) found age dlfferenoes in the speed 
of Mental .rotation* as measured by the B parameter. However* they 
only contrasteo young adults with elderly (65+) individuals. 

* -Berg* Herczow^ and -Hunt (1981) obtained nental rotation data from 
university aiunni (hence* a '^superior abtllty** gro^p) ranijing in 
age froa. ^0 to 60, In this study the ScAJects practiceo Jhe task 
for foul* days* to -lessen the criticis« tliat older s\jbje'cts perform 
more slOMly beoausfe of a lack of faaillarity with this type of 
task. The uesult* are snbnn In Figure 32* RT increased steadily 
Hith age and mth the angle of. rotation. In addition* there was r 
an Interaction between age and the angle of rotation* indicating 
age uiff^rencei in the speed of rotat,ion Itself (Che B paraneter). 
T-able <t shows Berg et al.'.s data -for the A and 3 parameters as a 
runctli)n of aje. The data show a progressl^ve Increase In both 
paraiaeters with Increasing age. This 1 s" cons I stent with the ^ ^ 
nypoch£sis tnat the speed of jio«putat I on. upon a visual* primary 
oesnory representation Increases with a person's age* ,Slfvce visual 
iHiage r-aoi pu! at i on and reasoning is sonetimes saio to be important 
in a v\dr lety -of .mechanical and notor control taslts* it would.be of 
intorest to lnvesti)/ate further the relationship between age* - v*v 
spatialrvlsual Ictaye nanlpu f at! on* and perfot«an« In selected ' 

V. occupatfon. It would oe particularly Inter^stlnj to deterjLlJLe. ! 

wnether the age effects that are so clear In Berg et al.*s data 
notd f or'.indi vijduals who practice spatial tasKS in their da.ily ^ 
ilvei* sil^h as aviators* professional automobile drivers* and- 
architects. . ' , 

; .. • . . 

Trtt COhTlNUlTY OF aGc^RENDS IN HENTAI. CUflPUT*TION. 

The literature on nental computation is remarkably 
consistent. There .appea^ to t>e a subs.tantlVi slowl-ng In ttje 
speed or mental tasks as one passes through the workjng years. In 
general* tht greater the conp I ex I ty "of the, aental computation* the, 
greater the amount of stowing o*bservea In the early 60s and beyond* 
(Cereila* >>oon* and riilliaias* 1980). In the section bn response 
selecAton we noteo that. there is a linear relation between 
chrorjBloglcal^ge between 20 ahd 60 and the ttne requl/ed to 
select" respoflKs. Does a stffilar retatTon hold for the tl»e 
requlreo by ©ore coBiplex mental calculations? TaOU & shows the. 
results of fitting 1^ linear function to oata from several ©f the 

' experiments that have been citeo in this, section. In summar I zl.ng. 
the data on motor itovenerit time* we observed tnat.man^ aging 
effects upon RT relations can be sunnarlzed by the linear 

' r egre« I on equation oTHEq^uaTfon T5). "Tip »^ 

* * ■ • ' \ . \ . ' 
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Reaction time to identify geqcnetrlc figures as "same" ^ 
or "different" as a function of 'angle of rotation, age 
^pd^sex.' Ages launder 25, 2- 25-35, 3- 35-45, 4- 50f., 
(Berg, HertzoS, and Hunt, i981) 



, sVopgSt and Intercept? for 
Age Grows over Days of Practice 
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Age Sex ^ Day 1 Day 2. Day,3 " ' - Day 4 
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Females 


Slope*' 


. 6.65 


■ 4". 69'^ 

* 


3:63 


; ■ 3.26 






Intercept 


' 910.40 


683.30 


606.10 ; .^5^0.40 
3.S8' 3.59 


91 


-Mai es 


01 ope 

»■ 


^ 70," 






r 


Intercept 


1009.80 


744. OD 


679.40 

/' 


648.60 


'32 


Females 


Slope 


9 

9.66 


67B6 


5.,83 


4.70 


33 


Males 


Intercept 
Slope' 


891.40 
7.30 


731.00 
5.72 


636.10 
^5.-38^ 


574.80 






Intercept 


1646.70 


838.70- 


758.10 


762.30 


'49 


' Fein^iles 


Slope 


ff.87 


7.73 


'•6.67 


^ 5.84 




' \ > 


Intercept 


1176.50 

w 


* 

921.50 


' 856.20 


794.30 


53 




Slope 


10.43 


9.42 \ 
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' 9.28 


; 7.60 




/ 
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Intercept 


1412.60 


1124.80 


997.60 


^' "1057.70 


62 


Females 


Slope 


17.96 


17.00 


' 14.36 


13.17 






^tercept 


2145.80 


1468.80 ' 


1446.60 


. 1167.7.0 


64 


Males 


Slope 


10.40 


^ 9.8? • 


9.32 


8.92 




■ 


Intercept 


1337.70 


V, 1224.90. 


1042.20 


* 1117.. 30 



V 

Data from Berg, Hertzog, & Hunt, 1981. 
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Table 5 
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Task . A • B 

. f 

• primary Memory Retrieval, . * 
♦Familiar .Stimulus 

(Thoroas €t al.» 1977) 527".. ' 1.84 

'(Reduced case of . 
Thomas et 9l.. data) ' 'V 357 -5.00 

' ■ : ■ ^ ■ ' .. 

Naming items • - 

(Thomas et al.," 1978) 439 '5.76 



Matching semantic categories , • . . 

(Thomis et al., 1978) 412 • ^ -3:57 \ 



Response to tone while doing y*. ^ 

a Hafd Verbal Memory Task • 

(Hunt and Lansman. 1981) 178 3.66 



Fit' of the ecfuation RT » A + B (Age) 
to data from complex. reaction timer 
tasks: All data is milliseconds^ 
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data for 1;asks th^t dapend wore upon conplex nemory computations? 
The fits are not^<i> good as Her> obtained tor the slnpler tasks> 
but are still, substantial* The »aJor exceptions are that IX 4n 
Thoxras et al«*s (1977) **S6nantl6" studies^ age eff ebts nere 
negatively acce^kerateo functions of absolute age> and 2) that in . 
each of the conditions of Thoiaas et al«>s (1978) Iprimary memory 
study there Has one group Hhos^'e results nere not In the oroer 
predicted by equation 5* In particulars the 30 year old group was 
unusually slow In dealing nith "fanlllar" iteiis* Nfhen these 
groups are renoveb froa the analorsis (che "reduced** cas^ of the 
Thomas et al« data) tne fit of the equation Is substant i aJ iy , 
improved* — » . 

« * 
Jhe case for the proposltlo/i that mental activity slows, 
continuously M|th age see^s strong* 



8. ACCURACY OF INFOKHATiON RtTKi^VAL- 

Tne olscus&ion now shift from a revleN of studies of * 

speed of responding to studies of accuracy* . Tt^e material revleNeu 
tp tt^is section deals with age relarted changes In the retrieval of 
Information from memory* Section 8 deaU nith changes In prdblen 
solvint^ and reasonings tasKs that require people Co consider the 
consequences of expi ici tiy, presented information* Section 9 
critiques KnoNleiD^^e of the relation between age ind accuracy of 
mental , processes* 



AGE CHANGti IN WQPnING MEnn^Y 

H'oK many pieces of Information can a pet^on kaep in mind at 
*once? In ^ memory span experiment/ a person IS; asked to recite a 
small amount of Information presentee se.conos before test^nw*' The 
DIgtt Span Subtest of the Wpchsler Adult IntelUgence Scele (WAIS) 
Is a wood example* The exaftiiner reads a list of digits eloudt and 
the examinee Is askeo to repeat them# either fornards or 
backnards* Tne number of Items correctly recalled Is celled this 
uiglt' span* Estimates jof Nord and letter span usually^do not 
differ greatly from digit span* Because, of tnis> Kilter (19:)6) 
has suggested tnat the unit of memory Is^^the meanlngfOI symbols 
Hhich he refers to as a **^chunK^^ rat;h^r jthan che mathematical^ 
measure of information In that symbol* Based on a survey of the 
literature^ Hitler (19^6) proposed the ^i)aglc numbeV seven# plus 
or mlhus«tHo^ as a reasonable estimate of the number ,6/ chunks 
that couJd be helo In HorklrfO memory* This Is perhaps ^a bit 
optimistic* Killer's data nas drann mostly frbn studl'es of 
university students* Studies |0f more general popuJ^Atjlons Indicate 
tn«t aoul.t digit spanMs usual'ly (rom. fouK^ to* seven .(Mater az4to# 
i97^j Tal*iand> 1^680* Val.ues below this range are considered 



c 

^Agi ns a.no Cognitlop ' 



i 



Indicative ot brain damage* Values above this pr^babfy Indicate 
that the person being tested has deveioped sone^speciai trick ^or, 
nenori^ifig Msts (Hatarazzo/ 197.2t Chaser Lyon^ and Ericssons 
1981)» Providing that digit (or. ietter^ or word) sp^an is tested 
in a' quiec area^ estimates of its vaiae tlecilne only siightly over 
the adult years (Craik^i96U^ 1977)i^ 'Xodtviduai* var lat ionvwl thin 
an' age group appears to be far greater *than variation due to age^» 

What produces a linit on aemory span? Several Ivypotheses 
have been proposed* All are based upon th^^ assunption that the 
«eitor Uer sees the ObJect> na«es it^ and then nolds in (Internally 
generatejU rtane In working iceiiory* After an extensive revjew^ 
Oenpster (1981 ). conci uded that , the ilmiCIng fa<;tor in sp*en Is 
norR^ally the speed with wh^ch an Individual can recall the name 
an external stinulust This fits well with the observation that 
age differences In digit span are snails for Waugh et at* (1978) 
report only ninlflial'age differences in rvaoiing latenciesr 

Working memory should not -be thought' of as a set of slots^. | 
analagous to post office boxes* It is more likely that working « 
memory consists of a s^C of records that are Kept In a high state 
of arousal (loosely^ "r ehearsetl*') by an active process of 
attending* How does one rerenber a list of iteits? By rehearsing 
v^bal laoels insioe the head* If rehearsal Is Interrupted^ , 
memory Sf^an or.opsT orast ical iy* To i 1 1 ust rate^ memory span urops" 
to almost zercf^ over as short a p'erlod as 18 seconds^ if the 
examinee Is asked to count backwards by -threes during the period' 
between list presentation and recall U*et&rson and Peterson^ 
1959)* 

Holding information In worklna memory is an attention 
demanding task* Applyin^^ Kahneman*s *^(1973) mental resource m'odei 
of attention^ wnenever a mental task requires temporary rejtentlon 
or inforflidtion in working memory^ attc^ntional resources must be 
diverted from other ongoing fliental actlvi^tles* Converge I y^ the 
presence of other cngo 1 ng' men ta I activities will JImit tut amount 
of attentlonal resources that can be allocated to the memory task* 
There is a good deal of exper Imental suppor t for, Ch|s proposition* 
Iti generals It Is tilfflcult to hold items in memory while other 
problem solving Is going on^ and Che acc of problem solving will 
reduce the memory Span* For instanise^ tne time required 'to 
coicpreheno 4 simple Sentence Is Increased If people al^e 4SHed to 
holo Irrelevant intormatUn (e*gt a set of oiglts) In working 
memory as the seiVtence Is being presented (Hltch^ 19801. Lansman^ 
Note 9X* Hathema^ics proolems that place demands on wording 
memory^ su^h as additions with carrTes^ are harder than similar 
problems that do not Place a buruen on workiltg memo/y (Hltch^ 
1978)* The logic used Co explain these phenomena is essentially 
the, same as th^t used to explain Interference In dual tasks* It 
is asserted that In soma situations a person must conduct two 
^sorts of mental computations at tne same timel rehearsal of 
^information In working memory\ and **something else»" Tne two tasks 
coi^peie for limited attantianal resources^ hence performance on 
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Figure 33.' Henwry span for!<d1g1ts, with and w^^hout ancmary tapping 
tqsk. Data Is ^hpwn as a function of ^sex and age {Botwinik 
. • . > and Stor«ndt, .1974). • 
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one or both tasKS should deteriortte* 



if the attention competl tiop' expl anatlon is cbnblned with thfe 
attentionat deficit hypothesiJs that attentional capacity dec^reas^s 
with age> lA fol lows .that* age*rel ated decrements lo nTel'suf^s of 
i^orkii^g memoVy capac i ty, shou Id appear in s I tuat ions^ I n Mhlc^ other 
ongoing nental act I v Ity* lupose demands upon . attent t^n — * 
duat^ task paraolgmt <Whlla literature reviews nave suggested that 
^he predljsted ^ga effect 'does occurs axamtnat j^on af tha prlma^ 
literature Ind^cate^ that the effects are snail and only appear, 
after age 60t, Figure i3 shows sowe data gathered by GfotwInicK and. 
Storanut (1974)^ in whl^ch digit span forward and 'tiaekward was 
catcu I ated J n che normal manner and while supjects were doing i 
concurrent f Inger. tapping taskt There was virtually ao cbange in 
digit span before v^ga^60^ In either, in single or dual task' 
condition*! ShoHar resu I ts .have been reported by Tat/ana, (196^) 
^sing slightly different dual taskst The expecte.d a^e x task 
condition Interaction appeared^ but only after ay^e 50# / 
r J 

hcrjiory span tasks are usuHl ly self pace'dt The attentlonal 
demands of ^.memory tas^ cUn be Increased by usln^ an 
exper Imenterrpaced situation in which the contents of wor^klng 
memory .fflust oe continually updated a/td testedt Active u^^e of 
tftfrking* memory In ihls w^y seems to^be an Important element in ^ 
many o,ccupa>i,^na r tasks'* An a^r traffic controijer^ for lnst^ncet' 
must Keep tracK^BT^ a changing traf f I c s 1 tuat 1 on. Jhis situaticfn 
was mtdiicked I n -an .exper iment ct>nduc^ted by Hunt and Lansman 
for somewh^at dtffert.ent purposes. 'We earlier presenteo data on tne 
response select Ion ^aspl^cts of their study. Here ne report a 
second additional an^ysls^ in hhjcn we look at age effects on ^ 
recail.,trom working memory, as a function 6f age. The- conditions 
tnat <ire rei^event are their single tas^ cond i ^1 ons^ in which 
subjects hao* to keep track of the current state of « cont lnuous4'y 
cnanging seijof I etter-^d i g 1 1 pairs. Pot examples IrT a typjcal 
sequence'the following events would occuri r ^ 



E/ent on s<^reen 
* 

' A •..'5 . 

B • 2 
' "A - ? 
• A • 7 



Response • 



7 



D • ? 



6-6 



I • 



>. ■ ^ 

The ejcantple jjjveo Is trivltb bectuse tr.ere tre' onlV two variables 
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currently palreo Hith A aod P» The 
or seven variables are to ,be used* 

upon 



to be r«^alled> the nunb^rs 
task IS fliuch aarder if five 

Performance on this task has been shown to depen<i. ne^vl I y 
Mor*lng meia'pry jAtklnson ano Shjffrln^ 1968 K , Figure 3^ 
aiTcuracy of perforiianci^ plotted as a function of a^e and 
complexity of the task (2 variables opposed to 5). There 
slight oecTlne In p£>for«ance with aue^ primarily due to reduced 
performan^re of peop I e i)eyoo<t ^0^ ^ 



shows X 
e U a a' 



Information must be recal.ted frbm secondary memory if 
^Information presented exaeeos.the capacity hi working memory^ or 
If some activity. requlr'Ing working memory In'tervenes between the 
time tnat. I nf orm'at I on Is ^presented an^ the time tnat It Is to he^" 
recalled* Examples >touIa i>e recalling a list of twenty to thiftty 
words> or recalling a five woro llst^ after having done ^r I tt>niet I cf 
In the period be^tw'een ll&t presentation and recoil* 

The easiest way tp test secondary memory Is to ext,$nd the 
iaemory span experiment oy presenting a list longer than can be 
hejd In -working memoVy* The assumption Is that thl5, fortes the 
recall of some Items ffom secondary memory* Figure 3? presents ^ 
oata un« "the accuracy of recall of Msts.of words as a joint ^ 
r^jnctl^n fof .1 1st length and age (Tailand^ 1968)t Aye effects do^ 
aplpear> Dut tn^by jr^. small* * ' . ' " 

An alternative tecnnUue for stu<j;ying recall/froi? secondary' 

^memory ujtltlzesa phenomenon 4<nown as ^^he serl'al position effect* 
It nas lond been kno^h that I f /a persorj attempts to, recall I terns 
from a list that exceeoS mtripor^ span^-\ne best recalled Items are^ 

.those at tne tast of the I I st ("r ecency"— th^ Items most recently 
presented are recallefj best)> followed by 'the Items at the front 

,of the list ("primacy")^ ana tHen by the ttems In the middle* The 
usual explanation for the recen&y pJieaomenon Is *that Itern^ 1 a^r ' 
in tne list force the earllef IJtems out oT working rke*ory* If 
recall Is tested Immediately after the Hit, Is presented^ the last 
few l^teffs.'rtt 1 1 be r es1 denjt in wor^ln^g memor^y^ while the remaining 
' Itews fljast^ oe r fecal I eo- f K'om" secbndary *mepiof y* Cr^ik (.1977) has 
reported data showing jthat^theVe are no agci effetts on recall o^ 
Items I'n tne recency portion of.a |lst< but -that age effects do 

V appear In recall of Items from tHe earlier parts of a list* The 
I aCn ol. an age Dy recency l^ntec act Ion conststeh't with th'e 
flndtnsf tnat the capacity ot. working mempry do'es.not change with 
age> but tnat the ef f ett I ve.Dess of retrleyal f tjg^secondar y memory 
does* \ ^ , * 



A- test 
ab% 



of secondaV^y memory simultaneously tests three fhlng$^ 
the ab'il.lty. of a person' to transfer Information from t»rlmary to^ 
scconoary memory durjng the sttfr age^ staae* tt\e aoljlty to. retain 
Information. In secondary memory for same period 
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Figure 34, Accuracy of recall Is continuous In paired associates 
task - hard condition. Hunt and Lansman, 1981. 
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Figure 35. Number of words recalled Inmediately as a function 
of list length. (After TallaTid/ 1968)., 
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ability to retrieve that Information a< ven whatever cues ar;6 ' 
Hf^sented 4hen retrieval Is re'qulred«« Norman and Bobroif "^(19791 
present. a oseful May of conceptualizing the* three phases* During^/ 
the stor'aye phase a person estaot Ishes a .**descr i pt i on" ot the 
Information to stored*- This' I s_rouohly anaUgous '.^o ,»a 
tlbra^4an*5 cataloguing a book when It U purchased* Certain 
f^ctsv about thjff I nf or mat 1-o.n to be stored are noted* and these tre 
used to i^estabt Ish a scheme of references that can be used for 
later retrieval* Imagine % person trying to memorize a list 
containing the word "cat*'* Part of the* referenc^tng scheme for 
this word might be based on properties of the Mor^, itself (e*g* ' 
••cat" sounds like ••bat'** "cat" Is an animal) while other ^ 
r^f erenoes^mlght be deriveo from properties of tne referent/ or ^ 
f^,om Idiosyncratic faqjts In a person^s prior Information structure 
(e*g*> '•Ky aurrt Elolva has a cat* think of titf holding It^^)* Ono^ 
the active cataloguing process ha^ been complete;] the 'information 
itself Is as'sumeo to reside in memo/y* mi thout/r equi r 1 ng furtner 
(attention demanding) maintenance* When retrieval Is required 
some cues mIII Inevitably be present* these cjes are used to 
determine a'retrievat scheme anaiagous to the proceoure.a library 
user executes Mhen trying to ftno Information* If the retrieval 
scheme and the deScr I p.t I ons match* the Information is recalled* ^ 
QtherMlse Jt is not# Successful memorization tnus oepenos on two , . 
things' tne devj9lopment of schemes for description and retrlev.alT . 
and the extent to Mhlch the two schemes natch* * * ' / 

The deve lopment ^f storage ano retrieval schemes fits Into 
Schneider and Shiffrln»s (1977) .defloltioh of attention demanding 
controlled processes* According to the attentlonal^ deficit ^ 
hypothesis* memory shouto be*'vulner abie to age effects as the . 
schemes are being constructed* Jhe retention pbase> being passive* 
snouTo not be sensitive tcage and I ts^ associated reduction Ln 
attentlortal capacity* A^e effects op information retrieval should 
be founo when the storage andTetrPeval phases* require eJttdnsive 
compulations in themselves* or wneh st or as^.e and retrieval occurs ^ 
In coiwpetltlon with other cognl tl fe. comptJtat ions* On'tne ot\er \ 
hapd* the effect of Veteotlon Interval* per .se> should not^e , 
lnflu(;nced by age* . - • , 

^ ^ ^ . ^ . * \ ' i 

In an etejdntly designed study* WIckelgren (1975) found 
precisely these results* He useoN complex version of the 
continuous reco^n ItlorV memory paradigm*. In nhich a person Is shown 
a series of' Items* some of which are^ presented two or^ more ,tif«es* 
.The per son* s task Is to respond' to Jndlcate wnen an Item ^ 
preserftat ion Is repeated* By apply'lng a fairly compJex ) 
ma^^natlcal analysis to the data* Vllckel.gren concluded th8tr\there 
were agei effects in storage arid retrieval* out not in retentloti* 
Unf or tufJatet y for our purposes*_<lickel gren only contrasted the 
perform^'^ce of phlldren* youhg ao'ults* and the elderly** V 
WicKelgren*s experiment should be replicated on .aoults In the 
middle age range* The fact that young and old aduUsr were 
Equivalent In /efe^tlon Implies that retention Is stable in middle 
age as net I* On^the other hand* without ^tes.tlng .people Irt the* 
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20-60 aje ranges we have nOt Hay of trapihg the change in storage 
and retrldvjat 'functixining over the Hor k I ng years • • ^ • 

Second^^y fliemory can be tested by recalls nhich forces 
conist ruct lt)n of a retfievai sCheine} recognitions nhlcti mtnimizes 
the need to construct a schene} or by cued recatis i/t which 
assistance is provided in constructing ^arclcuiar types of 
retrieval schemers* Tabie 6 shows the oata from a louch edited study 
by Schonfetd and Robertson (1966)^ in wnich people of^varylng ages 
were required either to recognize or recall arbitrary lists of 2^^ 
Hordst There nere virtually no age differences In recognition* 
Recall dropped regularly >«ith'ajye over the 20^Jto 60 range* TMs 
data IS typlcaJ of dffta .oDtainbo in^^evejai o/toer studies 
contr ast5.lng recognitl.on and recall p'er f ornance't' The result Is 
obviously consisjtent nlth the' ^ttentionai d|»ficit nypotnesls* 

A furtner test or the interaction qetHeen memory performances 
a^e^ and attcntlon^al demands could be constructed by exPCKrlAents 
Cnat attempt to show exacerbat^o age .effe'cts in di^dl task 
sjt,uaCion5^ similar to the'studles that have.shonn primary memory 
deficit, in dual taskst ''According fo the hypothesise a competing 
task should increase age-related droP5 Irv^ memory if it competes 
for attention durlns-Jtlje storage or retrieval phases^ but should 
have no effect it, Is introouced. during} the retention phase* 
Such experlmeiiCs houI(J be of. interest In themselves and because 
the^y seem .'to be analo^ouaf to real world situations} e«g« trying to 
memorize or recall something as you are oistractedt ^ We are 
unaware of any S'tudies that have useo su'ch a 'paradigm*' 

■ 

tr.e argument that dstabi IsMng. a descr i pt Ign ^Is Import^O^t in ^ 
mepor I2at I oa has been phrased in a someHhat different way by Craiij^ 
and LocKhart (i972j Craik> i979f# Hho use the term "depth of 
proces,s I ng"« In the Norman and Bobfow terminology^ Cr alK and 
.CocKhaft claim that in constructing oescriptJons there is a fJxeo 
oroer 6f elaboratlan up^on the information prAsented^ beginning 
with not Icing 'physical features (e»g« "cat" has a particular \. 
visual shape># then an^.rei ateo physical oodes ("cat" sounds I tk^ 
**b^t**)# and finally a network of semantic ass9ci at I onst CralK and 
LocKnart referred'to^^the predlcteo ordei^lng as representing 
pro^i^r ess I vAy deeper pro&e;$sing# and asserted that deep processing 
had to be coup I et ed . i n lordor'jto ensure memory retxIevaU The 
necessity f<«r a ri^ed order of .pi^oaess 1 ng ha^ been questionedt. AA 
elaborate description can be produced at a Vsnallon" level a^nd 
stiil serve as a gaod oescriptioo to g«**rde retrieval (Badde1ey>. * 
1976} Nelson^ lSk77)t According to Morgan and Bobrow's anatyslsf 
the Impor^taRt vartaDl^s are 'hon 'much processing is done at storage 
time and hoM nell the oesoription iratcnes Uie retrlesval schemes 
and not nnat type of processing Is donet Reg4rdless of the 
details of this uobace^ it does .seem that CraiK ^ind Lockhart*s 
distinction between s^i^IIoh and deep processing may netl represent 
the normal procedure used In establishing desc^r I cx*lons» Studies 
t>f mnemonists (Cnase# Lyo;i# and tricsson> 1981} Hunt and Love# 
197^) have shown that very good memqrizers oo adopt schetnes that. 
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Table 6 



Mean Recognition, and 'Recall , . 

- * Scores by Age* . 



'Age • g" / ' ' ■ . ' ^ 

Range • N , ' Recognition » Recall 

20-29 - 36 ^ 20.01 ; 13.7a 

30-39^ ^ - 23 " 19.48 ■ - 12.30 

40^49: ' * '3a. * » .19.53 , - ' . 10.01 

50-59 ' '^21 ^19:90 ' ' 9.57 

60 + • 22 • . ' 20.09 . .7.50 



Data from Schonfield and Robertson, 1966. 
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Figure 36. Recognition Henrary 'units) for auditory, visual, 
♦ tactile stimuli. (Riege and Inman,- 19'80). - . • 
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tKph«si2e ueep proces^sfnot 



* tne d«ep process ing. concept Is another example of the use of 
ao attention deoandi/ig cont^rotled process to ftx Infomation- In 

^ nefiory* If attention deMandlng processes are aost affected by 
•glnp^ , I t\f ol I OHS £hat^ age effects w\ menqry should be »ost 
prqjioiunced wnen deep processing l^s requlredt Slnon (1979) tested 
this hypotnesis by presenting $upraspan lists of words for a fixed 
ptrloo of tlMe« Retrieval was aided either by presenting an 
aAiditory pue (e«g« cueing '^hog" by "saog") or a sewanttc cue (e«gt 
cueing "hog" .by "pork*") The argument was'.that the phonetU cue> . 
r epr esenttng sha 1 1 Oh processing^ should be effective at all ages> 
but' that the senantlc cuej^ representing a level of processing 
reach^G only bjr fast processors^ shouM be effective only for 
younger subjectst Older people (Mean age 61) ihoweo less recall 
t^tin younger subjects (nean age 201 Ih ail conditions but tne 
differences were greatest for semantic cuelnit> Middle ageb 

. par tic iparfts ^tm^an age ^3)jshoHtr6 intermediate resjjitst Simon 
^con'cluoeo tnat seaiantic pfoc^slng was diost affecteo by age# and 
tnat'effecvs appear ^as /ear ly' age 40i This conclusJon Is 
similar to* that reported by EyVgncK (197<»)# tn a study that showed 
Sfffisantic cooing deficiencies in. !70*year olds^ coapared to 20 year 
0 RTs • . • * * • * 

An a i^r native ^lary to tej$t,the attentional deficit hypotnesis 
U *to looK for the absence of, age effects. dn situations in which ^. 
tnere is no dra>f. 6^ atten^loiial resourcest It has been argtie-d 
tnat some Kinds of tnfornation cm be storeti. and retrieved 

* **aut OQat 1 cai ly/" ite« mthout attentlonal resources being 
^ expended* Memory for the frequency 'h1 th which events occur and 
vemory for the tenporal order of two events have oeen offered 

Hhcanple^ of automatic manor izatlon*. Memory for both frequency* 
tHIisher and ZacKs> 1979) and temporal order tPertmutter^ Hetzgerj 
NezworsKi/ ^and *1lllerj 1961) has been 5hown td be equivalent in 20 

^year old and 60 year old s^b^ects^ It Js hard'tV IIKefy that theKe 
would be Qffec-ts In the age ranges In between* 

. ^ ' ... * 

Air the tasj<s tha.t have been described ^so far depeno upon 
verbal memory* Would, the picture change if memory for visual 
events were testeo7 The question Is not easy to answer^ because 
our normal memory for ylsuatty pres^enteo events may depend* In part 
upon the verbal proo^s^ing toat, we oo as we name tne .e^/ents* One 
study (Relge and Tnm^n> 1981) has been reported of memory^for 
**uhJ aoell 4b I visuals au^ttory^ and tactile stimuli* RecVgnitlon 
memory for all three types o't Information oropped with age* The 
results are sho»tn in Figure 36* Note tn^t th^ greatest drops In 
lyditory .and tactile «*mory app^ear retaCtVely earfy In aoulthoodj 
Mhlie mentory for vljfuai stimuli did not <;rop until the 50s* 

The oetayed ^dr«^p in visual memory may be questloneo on ^he 
bAsIs of the data from the Hunt and tansiian (\961) experllient* In 
^ oc^ sect I on .of that studyj thj&y replaced the paired assoofates 
t^sk with a vUuai pattern recognition task* There were two 

. . " -6i. 
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levels of difficulty l7(volvcdi^^ depending upon the nuiiber of 
elem^ents in th« visual pattern^ Figure 37 sho^s that accuracy 
droplped as a function, of age for both the edsy and, hard visual 
pl^terns/ In contrast to the Rle-ge and I^nnan r^sults^ the,iiaJor,. 
age differences occur rea between agcfs 3i> ano 
* ' ' 'V . 

There appear to di^, ag*e Vested* drops^ In botft storage and . 
retrieval of i nf or«at Ion In secondary >9enory^ but the age related 
^changes^ are not larde« The. atj|antlonal deficit Hypothesis serves 

a/ough ^ulde for thinking ^out the age-related changes In 
perfor«ian(^9^\and sugges'ts ^^hat any age effects on Meaory Will be 
iiagnifje^ if st^ra^ (ir recall oc'ctJrs under dual task conditions** 

A caut^hrn^ is in oraet» Jl09icaJ[ ty^, one could extend a 
•^sejcono^ry memor>" study, to recal T Intervals of days^ nonth$# or . 
even ycars^ but In praptl^e the^^ i hter val between tnfornation ^ 
presentation and >etrlev^J^ls usually on the oroer of five to 
fifty Athutes* rA llhtiugh, P.sycho logy texts and ^evteN artJ^cte^ 
freely generalize f.roia the« laboratory stuoies to field sTtuations 
involvinw much l(fnger t tii^e« Inter vat s# there is surprisingly nttle 
evidence supporting the Qeher al 1 zat Ion* Experloients by Nelson 
(1967) su:iig.est that tne iraiae taws of vemory do apply ovifr a Nioe 
range'of learning-recall interVals« The data Is quite sparse^ 
tnovgn^^ana more^tudles are needed before ijene^allzat ion ffo^ 
laboratory to fie'to can be said t o' be' aor e^han a^statenent of 
faftn. - ^ - 



' All or 'trie jnemor y axfAr 1 mehts rev i ened thus faf the 

par'tt cl pan^t ^ust remembctr inforraMon t^at Is of little personal , 
reUva^$» 'Trve pair edra$JSoClate> task \^ t jood example* 
Partictpafits are asheo to lea^rn new^ arbitrary associations 
^ *&btMeen I tems»\ (ff ten tDe I tens ar.e non^jpnse aaterlajs or Nords 
Mlth Ion semantic assocMatJcn* Tn^^reast)n for using such material 
;is tnii psycholwjiits nant to aHudy •^pure" learning Vx\ controried 
situations^ nnere the ^ojtper imenter can control the participants* 
exposure t6.the Inrormation to b> learnec« 

One appro^n ,to ^e ^study of ^neanlngful learalng Js slmi^ly to 
repeat the oe;lgn of coilventf onat . lear'nl ng. and senory expertMentSt 
ast/V9 meaningful .materiiil« Suppo$e that one wlstieo .to establish 
memory .spjn >dr 1 J^ng^lsttca.l| y organised '^chunKs^ Instefad.or for 
arbitrary lists..uf nonsense $ytt4bl^^« ^'A general Izatlon of fi 
memory ^pjn stody Is to determine the longest sentence that can be 
recalleo veri)a4tm« Sentences of /ten or more words can be recalteo 
perfectly* This Is^ consioer abl y b^yoncl ^the* average memory span for 
unrelated Nord$« Ttie usual' exptinatton is that meaningful 
material, is orgarvUed Into toglcaUy coherent^ muitl-word units \ 
- . I' ^^ ' . \ 
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'Figure 37.- Accuracy of Recognition of a visual matHx of "+•• 

figures." Hunt and Lansman, 1981. ("Hard" condition'*) 
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which tnen fora the unit^of iitnory» For lnstanc^e# the sentence 



'^The* dog cnased -the gray^ cat up the tree** 

* ^ ft 

contains three propositions! 
(I> The dog cnased the cat* 1 / * ^ ^ 

(2) The c«t Mas chased ap a tree* 



(3) The cat was ay* / v ; 

KIntsch 4r\i Keenan (1973) have presented evidence indicating that 
the propositions witnln a sentences ratner than the sentence 
itself^ are probably tne units of aenofy for prose# Hore 
generally^ as word strings are aioved closer and closer to the 
structure of sentences (and thus forced Into acre and «^pre 
propps I t I onal units) people at all ^ges recall more words from tn^ 
strings (Cralk and Hass2ini# 196B)» 

^ A& people examine a connected^ coherent dUcourse they begin 

to constr<)ct a prepositional, network that relates the stateaents 
« in 6ne sentence to tne statements of^ another* The recall scheme 
; for normal prose' is not t.o attempt to recall the original 

s.enteoces verbatims out rather to reconstruct sentences from one^s 
nemorjt of the prepositional structure of thej^j^.to-be-remembered 
passage (KlntscA# I97^)t Studies of pfo^e comprenenslon' are 
relatively new# and have usually involved contracts between people 
in tneir'xOs and 60s> rather'^han an examination of the full age 
ranwe* Tne studies that h^ve b-eem done (Cohens 1979# 19^1^ Tau^f 
i97t; Llgrrt^ Zelinskl# and hoore^ l4ote 10) all Indicate th4t tn^re 
• Is little age-related loss in the ♦toUlty to recall propos It lonsf, 
- ptovl.dl^g tnat tney are fcade explicit In the text^ as were all the 
propositions In tne examMo sentences given above*. It ha> been 
founds noHever# chat elderly people are less IlKely to fll( out a 
prcuiosi ti^nal sirutture bjf constructing propositions that wbtil^^^be 
inferred froW a combl'natign. of the/ propositi ons In the text arid 
, Veal Hor La khow^edge* Contln'ulno with the dog-cat e^ample#^ 

Thtj dog frightened thereat 

^- \ 1^ , . • ^ 

* ' i" • 

would be an eXdnpfc^ *o^ a proposition tnat could be inferred from 
the sentences pre^errted previously^ aJthough It was not stated In 
any one of \\}tm^ ahV Implications of tnis finding wilf j>e 
s considered In mor^ detail in the^section on problem solving* 

^ Tn summary^ :^ung aduits certainty have a slight advantage 

over «slderly adul^ In Comprehending verbaf messages that are 
pr^jTenJted In a laboratory setting* ^heth^r tney nave the sSme 
advantage over adu^Us the ^0-6(1* age range is- not cicarj 



Vineriever we iJ^al jmlth people we make assumptions about what 
tney Know ot the wdrld^" To Hhat exterrt are tnere age*»relat^d 
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trenas in the ayal lab M Tty of ((iffefent types of "real Morld** 
Inforaation? Informal rrascnlng leads, us to expect an ^^Inverted 
U** function reUt ing ^rell Norld knowledge to chronol og^lcal age* 
There. is the obvious trulsii that the Jonger you live the nore 
experience you have with the Horla. On the other hand^ there Is 
good reason to believe that .at soAe points and certaln^ly In 
advanced old^,^e^ the efficiency of the learning process declines* 
Popular raKTeAnas it that the elderly retain clear Memories qf the 
distant p'ist bfut are le^^ able to store information about recent 
events* \hLr Is seen in extreme forjf in certain types of senile. 
aementja# iTfkludifxg the premature augtno represented b> A{jEhelie,r *s 
disease (Ga\jtz^ 1977)* Do subc 1 1 nl cat lian I f esta t ioi^s of a 
r es4stance .00 learning begin to appear Nn the 40s and 50s7 

,The e'vldence on this* quest Ion is quite encouraging* $fcveral 
&tu<tles have shown that older people are^ if anything^ more aware 
of general Morld events than ypunger people* Tnis see«s to be 
true dt Least up to age 60* Warrlnyton and her associates 
(Warrington ano SI Iberste in^. I979j Warrlndton and Sanoets^ 1971) 
founp that people in their 40s and SOs kneM more about events that 
haa occurr eo^ our Ing the past year than did English senior high 
schobl students* LactiPian and Lachnan (1960) found a^lnltar results 
In d study tnat coi;par9d people over 40 to currently enrolled 
ootlege students^ is ola Pertnutter (1978)^ comparting people In 
the aos io tnose In their 60$v It Is wortTi noting that the 
effects of ^dgcatlon appear to- be mucH greater than the effects ^f 
age _La i^uo les of .th^s sort. - ^ . ^ 

AS there Is no evidence for a al0ln)s<ied cap^t^ty to le^rn^ 
meaningful material during the t^orK ing y^&ar s> It Is (lafaly 

^surpr IS I ny^to find^tnat the possession' of Qore Knowledge 
trans.l ates, bhf ttct ^y into better performance In one*$,flela o^f 

^expect-«se« *t^n fact^ the difference betHeen sKllled and average or 
novice practitioners An in.t el I ectuai I y de«tndlng flelos.ls closely 
retateu^to the amount of Relevant KnoHleoge that the expert 
posse^'ses^ ratnier.ihan any apparent Innate skill at pToblen 
solving* This ht; been i 1 1 ustr ate^ by .studlets of Inf ar»atlon 
processing In aeotblne (l?o'p.le> ^977)* ExperJencea Internists , . 
appear to be fine di agnost i c^ns^ not because they are bette^, * 
l<}g1cia|)S than le^s experienced physicians^ but because they know 
a ^reat oe&l nore about the relationship between oyert synlptoflis 
and underlying disease processres* Simitar results have been 
^obtained in the analysj-s of expert performance In other fields 

' (e.q*^ L^rKln et ^t.*- 198t)). . \ ^ 

- * " * * \ 

KnOMleu^e about of\e^s^ field of expertise^ arta for«-that RHatter 
moSt real McrVl ^knjOMl edge^#A Is semirvt 1^ Know I edge> l«eu# tl^tteiess 
facts tnat ct not refer. toHper sonal 1 y experienced events* Tulving 
(X972-) has argued tnat tbemfcl a psychpt og J caT distinction 
between eptsppic ;ind semant lo^noMl edge* Jhis distinction is 
supporteo In the agilTgnNteratM^ It ai^peirs that sei4ht Ic .iie«of y 
Is^^nusuatly r es fstant * to\ne;ft i ) One^ c^f the most rel i able'f IndlAgs 
In the lUerature on aglnO aj^hfpsycliometr Ic test performance Is 
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that vocabulary scores^ a rough oia^sure o^KnoNledge about, ^ 
tanguage^ either Increase orreaaln stable On^ll beyond age 60 

'^^tHinlcKf r977)i~ Unfor>^natel^ virtually all studies 
dasionstr at I no^ the sjtf engt]\ of semantic knoMledge ovar the life 
sp^an are based upon studle) <^f the semantic knowledge enbodl^^d In 
Iar\gua9e4 B^ut Hhat abo'ut Information about non^Mngul sti c 
fel9tlons<r^ for examples principles of machinery operation or , 
procedure^* 1^ particular^ Hhat aboiJt the ability to Jncor por ate 
changing Informat ion about prlncfples\ something that occurs 
continually as technology changes? It Is not at all.^lear that ^ 

'result^ from studies of the retention of language Infornatlon can 
be extrapolated to sltuaticns Involving men^ory for non^l I ngulst Ic 
lnformatlun# because Jangi^age seems to hold 'a special place In 
menoryf even at the neur oanatomi cal level (Walsh# 197b)i Ther^e 
appears to be almost no Inforiiatlon on this ImportaDt^ practlca^l 
questions . • 

♦ • 

A great many of the results on the r<(lation in age and memory 
have been Illustrated In a single studjf'^tnr; Lachman# Lach«an# and 
Taylor (IQSlit They tested memory for facts in midule aged annJ 
youn,^ school teachers/ using both a mu I tl p le.cho lce# and an open 
*en^ed quest I onal r re formatt. The older teachers Here either equal 
or Superior to the younger ones regardless of type \)f fomatt 
Youngtr suuijects Mere superior to older onas on memory tests that 
^required the continuous ma.i n^a I ne^nce of Information in working 
memory Tney were also faster/ but not more accurate^ In either 
recalling information from lon^ term memory or drawing Inferences 
fron that informatloot .Thus the Lachnan et alt study provides/ In 
:6ni repoft/ $ Jood summary of^ many other studios <tf memory 
capaoilities ovec^the workTng yearst Other things* being equal/ 
^oloer people recall as >muo4 (6r more) Idformatlon than younger 
peopiet Jouth^s superiority appears only if thece are time ^ 
pressures/ or if It Is necessary to keep, track of ttew Information 
for a*t/jlef period of tTmct , . 

* \ 

The results from studies of memory for meanlngf^ul In^^rmatloil 
Haint an encouraging picture for any employer' considering the^se 
of ^n oloer ^ofk fo^rcet The laboratory p.lcture of def Ic I encles\i-n 
leOning and memory begl^f^lng. h> tne 40s. almost certainly 
overstate^V tne situation* Inoeeo/ there some reast)n to brile.ve 
that ol oer .personnel would be superior in recalling meaningful 
material/ p^rovlcilng tnat pecalJ was required In a sltu4t4t)n that^ 
dld^not contain d istr act l<ins/ and tnat dio not place time pressure 
upon respontj|no» t " * 



9. PRUSLEM SOLVING 



"Prooli^m solving'* coiilo refer to aimos^ any cognitive ^ 
behavlcrt following a alstlnctlon that is based more onylogic 
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than on psychology^ probl^n solving. Is usually dlyicmd Into 
studies of de^ctfve af>d Inductive reasoninrg« Irt deductive 
reasoning one oraHS conclusions froia knoHn facts* In inductive 
reasonlrfg general rules are abstracted froa.an exaalnation of 
specific cases* Thes^ definitions are content free} one could 
classify probie«s a$ inductive or deduct Ive reqarUless of Hh^ther 
they* dealt hith fields as disparate, as physics and loedlclnet Proai 
the time of Aristotle^ people who think a^out thinking have hoped 
to find ru.les that describe people's thou^ih t/ regard I ess of the 
content of tne problen beitig solvedt George 8oole*s classic book 
on binary logic h«s, titled ••The^Lans of Jhought*** Ko re ' r ecent 1 y# 
during the 196us there Has a spate of Hork on Bayeslan logic as a 
general theory- of human inductive"^ reasonings 

In spite of these historic precedents^ tne search for a . • 
gtneral theory of nuntn protlen solving iray be aooned to ft^lluret 
Variations In the content of problens have tv.«en shOHn to exert a 
powerful influence on problein solving (i)asoh,and Johnspn-Lairdi 
1972)« NaM,ell ana Slaon tl<?7E)i .In a booK that nas set tne *ocus 
fQr Qucn nooern probiea solving research^ state unequivocally that 
a person's reasoning hIII be .ponerf uI I y influenced by their, 
experience Hith the* mater I a I being reasoned aboutt It Is prooably 
unr easc^nabPe to assume .that, there Is a general "Psycho-1 09I c"i ana 
therefore nardly fcultful co ask hOH logical reasoning^ In 
j^neral/ cnangcs Hith ^get For instance/ the di filcu Ity solving 
of/ lultlple digit addition probleas is directly rel-ajted to t^e 
denands .that a proi>rein puts on WocKing aenory for the storage of 
Intermealaw comt'uiatiofts (Hitch/ i<iU)» Since Jbere seeas to be 
little* If any.i drop Irt^ the storage capacity of xorKtng «e»ory 
over the MorKlng year.si one HOuld not expSc't to sa^ a drot> In 
accuracy of nentai ^tnicetic Hith aget Ojuthe other ha,nd#' there 
Is an ag^-related reduction In the speed Hlrh Hhlch oaterlat In 
»tor ki«0_«erRory can be accessedi To aake tnihgs still aore 
coaplicateo/ t^e, extent to vhl^h an arljhaetlc pr oh I en' aakes 
oenand& on HOfKlnij ireaory hiII depend on tne algorlthn that a 
person use* for aental aoditlont HaH# then* is one to predict 
Hhat awe ef f.^ct^.shoullTTtre "In wenerat"/ Hithout knoHin, the • 
lnoivid<i&J,*s approach to tht problers at ,hana? 

Even though mal viaual pr9btea- solving strategies carrralter 
£he -attejitional aeaanus of a p^ob leai thlni\ihg abOHt problen 
solvlrvg >s «* jemand, for mentjil resources, aaes provide a framework 
tor expeptlnj ordeV*i:y relations betHeen age J,ahd pefforaance on 
complex /•easoning, taskSi In particular* problem solving should be 
•acre difficult H^th advanceo age Hhert^ (a)' repaid aenta'l 

cofltpyeationi are rpqulrecT* th) the probl-ea wakfts dewanos up<Sn 

HorKinij fitemory in sucn a way th^t the memory "Msk. must be' executed 
as a ."dual* tasK"* co I nc • oeht4 1 1 y hUI. other aspects o4 problem 
soivihw* ana {jc^^-fcfje effects of pf lor learning can ue a I sr,egar aed • 
the last poitrt is impdrtant* beca'«jse It aodr esses» the question, of 
" how erf icienalx' one's mental tools are used^ As the ex,tent 0^ 
prior learning is difficult to document* aost psyc*\o logi cat ^ 
studies have triedto avoid the Issue* oy presenting people with 
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urvt«jiltltr protvl««St ^Th'e ^arguaent-for oo^l^ng so Is that. the ^ ^ 
psychologist Hants to deterail^e the covaMatlon u^tween th^ extent 
ot a person'^ «entat resobrces an<J tne effect fveness of the!/ 
probJeji s^olvingj Hfthou^ haVing to* Hprry about Indlvlduat 
differences In experience* White this Is a reasonable scjientlfic 
goate it Jlmit's the geifefal Irat Ion of taborato/y sjtudtes to field 
QOndi t ipns.t _ In the f le Id *prbb I eai are solved by people who have 
thb Dackgr'ovnd to solve* then* x ^ ' 



. ^^In re^entng the flei;<J ^e «shall Maintain the classic 
distinction betHeerT\lnduct I ve and deducti ve reasoning* In 
discussing d particular type qf problea s^olvlnj^ He shall use the 
attention d.eflcit hypothesis as^ a device for organizing the date> 



INDDCtiVt RtASOHING 



A popular method , of studying inouctlve ^disonlng Is the 
concept Identification para<flg9> In Hhl9h a person Is shonn 
exempiar^s aqg n;&n-eAef>pl ar s of a. class of it*ms>r and askeo to 
state 8 general rule for class nentiejrshl p* * The Itens used are 
typically me.an Ina less formsV sudn as letter strings or abstract 
geonetrtc designs^' Ctnctpt I dent.i f i caU on pr^obleois are described 

*ln terns of the Infornatlon processing characteristics they ^ ^ 
pre;5€7it# . Tne ftcws theBS^elyes Kay vary in the attributes that 
d^fi^e tutikf> and ,the *copplex1ty of th% rule defining cUss , s j 

^meAbershlP*> in<dy be v^^:|ed• In additions proDle^s may bejQescrlbed ^ 
in ter«s of the size of" working ipemory required to hold enough 

-information to (define an answer^ (Hunt/ I9c^)« * - 

bripley^ s>ovlcK> ^'nd^HdLaugh I fn (1974)^ o^bserved age* effects 
In a concept i dentj f l/:^^t i on. study using let'ter string stimuli'* ^ 
Saah probtfin c6ns ls,ted''of the presentation of three letter ' 
/Strings^ cac/i labeled.with' eltlfer a or> The tasfs wa's'tp. 

define the rule; used 'to assign a strlng^to the v^** or 
category*. To Illustrates one ^ the problems contained the * ^ 
strings* ' ' - ^ . / 

' ■ . AB -abJ + : \ ' , ' >■ 
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Tne rule for tn»s problftn, Is that the.Ubal is^ as-s+gped to all 

strings containing thfl symbol "a".'* Vol>len5 Kere ande elthjsr hard 
or dtff-fcutt In a vartety^qf ways* in sone problias at'l the n 
strini»s were presented together^ Ijl others the strings were ^ 
ertsented <?he'3t a'tlne. other cases the 'rulp. for astslgnlnq^ . 
t.abetsr Has nore conplex* Scm4 extnple, prBbleMS are shown In N 
Figure 36. ' !4alt Dut statistically reMabte drops In trie nunber ^ 
of pro^len^ solved were found throughout the age range from '20 to 
65. ' ^ . . ^ . 
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^ The Brinley et iM expcriiient Is typical of a Urge nuabcr of 
studies of concepi ident I f I catl/)n In tha eid6Tiy« The other 
studies Will not be reviewed^ because they all concentrate on the 
-contrast between young and elderly iTeoplet ^ The results of these 
studies %re co^sjstent with Brinley et al« conclusion that there 
Js a decrenent In inouctive reasoning with aget The data 
presented in ojjr review of Rsycho«etr I cs also Indicates that »^ 
performance on Inductive reasoning tests decreases, wi th age^ 

Although corvcept identir Icat Ion studies^ nay be sUMar to 
$o«e' Industrial tasks^ suph as trouble shooting electric circuits^ 
tftey are certainly not repr esentat I ve of how w^ (earn ''reai Hfe^* 
rules for c I ass i f y t ng -6b Jects Intxu^reesi people^ .aUplanes^ and 
what have yout Several theories ofN»ow this does occur have been 
proposeo fJohnson-Laird and Wasoni 1977)^ and*none pf 'them bear 
very much resemblance t6 nodels of concept ident I f icat lont To our 
know|eoge> however^ studies using tha more modern models of how 
real l*^fe categories and riJles are formed have not penetrated the 
literature oh a;|ng« % . , " 



* Xhe^4 I terature on deductive problem st^tv^in'g re;sembtes that on 
inductive pr^oblem salving in two r espect^; ^ I r tua I i y -ri I studies 
contrast young ^nd old subjects^ anq they generally ponclude thai 
oioei: 'suDjects show redgceb poH^fS or deduction^ bii^t that there<l 
are^ioe Inolvtdual olfTerences* Arenberg (1974) reported. one of 
tne^few experiments tnat studied Itiuivlduals of Intermediate age ^. 
and> unfortunately for our pur pjoses^ h I s younyests subjects were 
In tneir 30s> and t?^ius were older than most present servicemen and ^ 
wopient The'tasi^ Arepberg u>ed i^s of Interest because It was 
^csfgneo to resemble ^ problem In trouble shooti ng 'f au 1 ty 
electrical equipment* The problem could be, solved by deoucin^^ how 
the lamp^ must be connected/ given observations of the seiiuences 
In wnicri tneT-oouro be' turned on and of|f« E,^f Iciencyvwas .aieasurcd 
by tne num'ber or ;»e<tuenc^s that people had to observe [pef ore they - « 
Could state the correct circuit* Groups ^f middle. and upper class 
males Here tested twicer with ^n intervening peri.od of several 
years. SuoJects,ln their thirties wfere more efflcj^ent than thos^ 
In tneIr sixties (there. wei'e further declines In tfte 70s> that are 
nat, or -cbncerj) here)* An analysis of individual steps In p/oblem 
^ solving shOH/da that tni decreas.e ln\ef f eo iency was laYget^y due to 

an fncrease In the nujnt^er^.of non-^ Inf ormat I ve st^pF taken whil e f ♦A 

testlnj) solutions.* Tfiti 'is a typical finding In s^tudies of 
deouctlve reasoning^ Having formed a hypotnes is> >eop I a seek 
^ * Information tnat wHl confirm the .hypo tnesi s In old situations^*- 
ratner tnan testing It In new s I t*iat l-^ns (Mynatti Ooher ty^ and 
Tweeney> 1^77)i . . - / 

' - V '\ 

ArenDery*s study Is of Interest becau^^e'of tne face validity * 
or ttie t^sK> , ana ^because *rie was able to , say something about the 
nature of the age^reUteo change in probi em*>sol ving« A frequent 
■commelit about aging Is that people become more cautious^ which 

O ^ ^ ■ — ^68* ' • * ^ 
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Figure 38. Examples of concept Identification prbblenis. 
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does descrlDe the problea solving b|shivlor of Areno^rg's « 
pert 1 cl ptnts* To complete the picture^ Arenbergis design shoufd 
be extended to studies of changes la problea solving behavior over 
the 20-40* age range* ' " , 

We*earller raised a question abqut' the 'general izabi l.l ty of 
^results balsed upon laboratory t&sKs# pointing, out t^at we would 
expect older# Rore experience Indl.viduals to do oetter on 
problens that were Meaningful to theB«' This doei not «ean that 
fliai<lng^€ problem aeaijlngfu^ hI 1 1 necessarily make itMamjne to 
age-reiated^dec lines In performance* Tho studies nave located age 
differences in reasoning with faariiar naterlaU Friend and Zubek 
(1958) gave the Watson-.&l as er Critical ThinKinj Appraisal test (o 
a saaple of over 450 people of iridely varying ages and eddcational 
bacKyrounds* This test presents people with paragraphs statlpg 
plaus^lble situation;* The person Is then asKed either to a) 
deter^ibine th^ plausibility of conclusions drawn from the 
infornat'ion In the paragrapf.# b) to^ recognize th.e assumptions 
"behind the arguments presented^ c) to use logic ano/welgh the 
evldepcc^ for different concIusMn^s about the situation described^ 
or o) to evaluate the logical adherence of an argum^ent for or 
a^aiQ^t a proposlt;lon stateo in the text* Friend and' Zub'^tc's 
results are shown .in Figure 39t Test scores increased sharply 
^f rom * ado I escence to the 20*s# peaked In the ^0*40' Interva^lr nnd 
declined from the 4o»s onnardr, < , < : . 

^ The results In^Figure 39 show grteater age e/fects'on 
reasbi^ing abltl Icy than Is typically founds so a word of caution Is 
In oroert. The Friend and ZubeK study> though larger was a 
cross-sect lonal stutJyt As such# It was subject to a. confounding ' 
of conoAt and age effects (see Section 2)t In particular/ 
improvement ih educational practices In Canada (the site of 'the 
FrTeno and ZuDeh study) over the period 192C-195?' cou I d have « 
produced *a cohort, effect that irould have bo^n confou^nded with age 
effects* * ' ' ' 

■ * 1 

^rieod and. Zobeh's results conf 1 1 ct ,m I th t^ose of tachman#\ 

Lachman# and^ Ta>)or .(i98l)>, >«ho found that oldrp^SOs) ano youhger 
subjects had virtually an equivalent ability to recall real worl^ 
factst Lachman et alt' went on to ash theilr subjects. to draw 
Inferences oased upon these factSt lome of the J nf er ence proolems 
Her.e quite oifflcu'ltt An example Is ^ 

"What horror story chiir^eter would starve to death, in ^« , 

^^brthern Sneden In the Su«(ner7V 

" * . . • - . .X 

^ ^« (AnsHert Oracular because* the sun never setst The respondent 
ml^sL rucail facts about Oracula and about the Arccic ClrcLe# then 
-draw Inferences* from tt\&it factSt) 

l,aehftan' et 3*1 • foljnd m differences betneen older and younger 
subjects in their ablWty to dfaw such Inferencest 
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t«hile Lachman et 8lt also used a ^ross-secti'onal design^' 
their &ubjects<^Here public scftooj taachers# a group specl^fcallly 
chosen for study because the TeQulrenents for entry Into this 
profession had ndt changed iB*afkedly over the time period of ' 
Interest* Lachkan et al# h6ped that this Hould reduce cohort 
effects due*to educ^tjtlnal differancest Another difference Is 
that the Lachpian et a^ subjects Here better educated th^n the /^| 
jRore heterogeneous group studied by Friend and ZUbeKt Several 
authorities have cl^^med .that people Hho are oiore cognitive 
capable as^young adults Hlll-be ngre- resl'stant to aging* , The 
topic Is further developed in Section 10* 

REASthlhli AND LtNGUtGt. COHPREHENS ION ' - ' . 

•i 

^ , \' ^ 

* ' " • % 

(Tomprehend inQ language is not normally thouglit of as a problem 
sort y liig tdsk> but It Is one* It is not posslbl/ to understand 
normal discourse unless one drans inferences tha*t go beyond tne 
explicit propositions in an^tterance* Consider the stat-ement 

"A .burning c igarette m4s cWelessly ulscarded. jFffe^^re 
destroy.ed thousands of acreXojr virgin forest*** * L > 

* This statement contains four explicit propo^sttionss . ^ 



The cigarette Has burning^ . . ' * * 

The pigarette Has dhfcarded*^ 
^.The fire iestroye<r thousands of > acres of fbrest* 
, ,The forest nas a virgin forest* ^ 
In aodt^tion th§ s tatencnt .contai ns «n l^pllctt proposition^ 
^ The cigarette started a fire* - * ^ 

^ ^The impi^ci^t proposition n^St be deduced by comb i nln^^ I Ic i-t ^ 
propositions and r-eal nof^d knowledge* For, brevity ne !$hall refer 

,jto comprehension Inferences* Speakers ana nr iters noriAailj^ assume 
that i?st«ners and reaoers hII) make coAprene^ston Interenc^s* 
Indeea> it 4s quiteiiiard to communicate so, precisely that ^ " ^ 

^comprehension Inferenc/BS nettd not be made« Because these ^ 
unconscloj> Inferences are so Important to the communloat i on 

, proces^^i any neakn^ss in or anlng^tltem oould have sjsri\ous 

conse4ut,nde^ If pebpte drct i^oyolVed in situations In nhlcK they 
have .£^0 uo^^stanu and respond to verbal or Hri.tten messages* For , 
this reason a report of age filiated weanness.ln cotiprehension 
I'nference (Cohem 19^81) is o,f con^tderacil e Interest* Although 
this &tudy Has tias'ed on a c6ntr ast^betwQ^n young <20s) and old 
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t^^) subjects! it Hill u/sciisseo In^detall because of Its 
npllcatlonsf . ' - ^ # 

^« ' Cohei) had ol(^ and young people reao several texts s^h as the 

, one in tde ,**clgar6tte apd forest**/} I lustration Just glveh* After 
all Uti'^ texts tild been presented Xohen tested for^recall of*. 

MMpllctt and explicit -propQS'ltl onst Younger ^uojects recalled 
both types of propositions equally well (87t accuracy overalDjt 

Hhlle older subject^ did slightly worse on recall of explicLt 

f>roposl tlons (81t) 4nd nuch HOfse i^bX) on recall of tupllclt 
.propositions* Cohen pointed that In nor^ial co«fliun>cat I on a ^ 
listener wtll simultaneously be Involveo In comprehension 
inference/ oasect o*n propositions already presantedi^ and In 
de'tecting the propositions underlying the tex]t cfurrently being - 
present^idt Thus fiornal speech comptehension can be looked upon as . 
a special type of 'dual task* Reading for conpr ehens Ion shoald ^ 
thfrefore bt; easier than llstenlngf because a reader ctt/^turn off 
^ the current Input whltr completing a comprehension lr)(rer^ce# 
Hhlle a listener cannot* Cohen pointed out that this proira^ty 
does not matter for young peoples Hho can carr/^ out coifl^rehension i 
Infttrfences fast enough to keep up with a parson Hho is talking at 
a normal conversational^ rate* T^is mi^ght not be the case^or the 
elderly/ because of their ilon^r rate ^f mental computation. To 
test this hypothesi s/. Cohen had young ano oto suojec|^ recai t the 
propositions presented In eitner written or spoken text* The mode 

. of Input made no Utffer1h(BG^ for the young subjects* The older 
subjects found clearly spoken text more difficult to 'cojppr^hend/ 
.even ^ough Cohen took pains, tb ensure' that the acoustic slynat 
Has. strong enough so that tt)e comprehensloh ^af individual Hords 
was -nut a problem* ^ ^\ 

Cohen*s re^'sults cah be slewed fn inavUable consequence of 
the slowing of menti^l processes with age* If this Is true/ stdnjng 
i^ having d consequence^pn a very Important function/ the' ali'ltlty 
'to understand speech* At^ theoretical level/ this sugge$ts*a 
revision of the psychometr i cl ai)f*J5 ^Classic aging hypothesis**/ that ' 
is He 1^g'e verbal ab^M'ties afeTretalnad but non-verbal abllUles 
xir/p out* The evidence foiC classic, aging hypothesis Has \ 
gatKertxJ |n exp*r iwents^usln^^verbj i comprehen&Jon^' tests ttv4t 
often old. not ofstlnguish b^n^en understand fng ^or Imptlclt and 
explicit propositions* , Elsewhere Cohe^n nas argued that 

thesoLlest^ aiso failed to examine linguistic situations In which' 
the spbed^^^aT^^orklng^^ processes was cnl6la1* An example ts 

tqe resolution of anaphoric, referenge^/ e*g« estabi IshiniT a 
Terence to *^she^ wht/n it occurs Ir^ sentence* Cohen found ^ 
^-*rel,ated perforritance deolts l/i riesQlvlng anaphoric references 

|n other at'tept Idij) dem;andlng aspects of oomprenenslon* To the 
[ent that Cohen^s results are gehera 1 1 2ab I e/ psychologists may 
forced to con<ffude that there Is a greater drop In verbal 
tprahenslon^in ojd age than was prevtousl^ believed to occur* 

y (;ore informatli>n Is heeded about the parameters of tHe 
phenomenon Cohen t>as Reported* We need to know what the rjetatfon 
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Is betHeen age ar^^tX) e^tent^of loss of cosprehension Inference 
and.hOH this relatloii is aftected by other characteristics qt the 
Individual and the situation* The subjects In Cohen's 1981 study 
>tare aM British unlversjty graduates* In her 1979 study tHO 
educational levels Here considered (university ^ 
or aduate*-proJfassional vs« ftrlHsh Leaving Certificate levels^ ^ 
roughly equivalent to U«^« techni c^t^ h Igh ichool graduates)^ and 
narked effects Here found of educi||:lonal level as Hell as age* 
Unfortunately other I ncoipar^bl II ties betneen the tna groups «ake 
It Inadvisable to consider age x education Interactions* S^lil 
nore inportantt He are quite nithout any oata concerning changes 
In conprenenslon Inference in the 20**60 range* If Cohen Is 
cor/ect In assigning the deficit In co.ipr ehens lof) to a slonlng in 
the rate at nhlch older people process Inforiatlon^ then drops In 
coripr ehens Ion lnfer<ence should begin to appear during the Horking 
years* The drop should be greatest Hhaneyer conprenenslan 
Jnference nao to take place In a dual task situations or In a 
situation that Has already attention demanding* For exaflipl^e> If a 
coAiBuni cat i on nere^to be received over a noisy channels stifih as a 
jpudspeaKer In an airports cottprehanslon Inference should suffer* 
We alreaoy knon thac as peopl^e ages the perception of individual 
Hords In nojse becomes more difficult* Conprenenslon Inference 
night bt even more sensitive towage under undesirable conditions 
of communication* These are speculations Hith doth theoretical 
ano practical significance* It Hould'de highly desirable to 
Investigate the phenonena reported by Cohen Irr considerably nore 
detel I* 1 • - • i ^ 



SUMMARY . . * 

The' d^ta on age^rtflateo changes In reasonjng^ aird complex 
problem solving are unfor tanately sparse* In this areas even more 
than in the literature on agingTn generals Investigators have 
concenirated- on domparlsons betneen ••old*^ and ♦♦young'^s nlth little 
attentlTbn to the ^0 year interval oetHeen ^0 and 60* Those studies 
that huff been don? of peopi^^ln their HorkIng years suggest that 
there art age sensitive chanyes In reasoning* Purthermores these 
chana^:» may 'bear a sensible relation ^o changes In more elementary 
Informati'x)!]. pfocessiag capecltles* To ansHer^this question He 
naeo stuoies In Hhlch adults of varying a*ges take part both In 
experiments on elementary functlonss such as^ memory and motor » 
(TKcision fliakinys 4nd In e^xperlmfehts on Inductive ano deductive 
problem solving* . ^ < 

Ti»e report, of a orop In the^ubtler aspects of speech 
comprehension nlth age Is extre^peiy interestlngs for both 
practical and tn'eoretlca^ reasons* Further study is clearly In 
order* ^part from tne study of speech comprehensions a baneral 
criticism can be leveled against the reioirch that has been done 
on problem solving* Are the right problems being studied? Why ^ 
are He* Interested in lion people solve novels nade up p^roblemss 
Hhen In praccjce they deal largely nl^th the sort of problem they 
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have been, trained to sotve? This criticlsa can atso b,e *ade of 
lljterature on Benory ana aging* The critlclss Is aapHfied upon 
In the next sect lon^ 



10. A CRITICISH OF THE LXTliRATURE ON 
LEARNING^ H£nORY> AND' PROt»LcH SOLVING 



Over the working yetrs edults grtduatty "think nore sttiwly*^ 
Tne loss in speed of «tntit processing Is continuous throughout 
the Korkini yearst An Individual is un4ikeiy to notice the effect 
of c<7gnitive slowing until the t«te 40s# and not even then for 
sone tasks and peoples bui on a population basis Effects are 
probaDjy evident by the 40s* While the eviiLence for slowing Is 
clears the evidence for a drop in accuracy in Mental processes 
durln^^ the working years Is such weaker^. Should we th'en conclude 
tnat people are progressively less cognitively competent as they 
age? • • 



The Idboratory date are inconclusive* '*Zt depends on the 
tasK«^ If the tasK requires rapid responding^ or i|f several 
soufcei of information Aus.t oe monitored at once (thus forcing a 
ecs on to deal with each source quicKly) older people probably are 
less efficients on the average^v If Hpid responding is not 
liiportants tnen age Is a much l^ss powerof^ul determinant of 
perf orjoance* Taken at face valuer these facts about laboratory 
perfornanoe suggest that as^ople grow older tney should be .given 
ass I gD(;ients in which very rapid responding (on tne order of 
milliseconds) Is n&t r^qAilreds and where it is not necessary to 
monitor several sourcei of signal s Simultaneously* We shall now 
argue that extrapolations from the laboratory should be' done only 
witn cautions bec^ause of an Jmportant limitation both on t^e * 
situations studied and on the conceptiTal thinking that lead to 
their development* . 

The point has repeated ly /^en made tnat tne e^tper imental 
tlte>ature offers no tfay to allow for the* Denef I ts* of experience* 
Virtually all adult learning and problem solving buljds upon prior 
knowledge* Any reasonable extrapolation from fafroratory to field 
perforcance must take this Into account* It is not at all clears 
thougns just experience ts to be tlkken into accountt ItL/o"rder 
to do so one must_^hxe a detailed conoeptual Iz^atloh of how prior 
knowledge Inf tuen*cas of Incorporation ojf new ,inf ormat i on Into our 
memor les** Imply saying "experience counts"'ls n9t enough* 

in ^ paper that h^s had a jMajor Influence on Cognitive Science 
studiess rtarvin HInsky il975) argued, for the oonccpt of ••traces" 
of Knowledge* 'Hinshy described our minds ^s being composed of 
frames that d^scrioe prototype si tuati ons* )Uhen we encounter a new 
situations we decide whJit frame is approprtit^ and use It to 
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organize nen^y pr^ef^nted 1 nforiat l.on« To repeat a frequenltix^ 
cited exa«ple» He hive a frt«e for *leat Ing ,out**> and our ^ 
exper ience th ani^^ on^ restaur ant ^aeal aust bo fit Into that ^ 
frame* Other authors (n the Cognitive Science flalo have used 
other ternJnolo9y» su.ch as **scr ipts** JSch^ft ano Abel$on» 1977) ^r 
. **sche«ata** (Rumelnart andJ4or«an| 197!>) ana^ to be fa^r to , 
psychologist^^ the^tisic^ Ideas ar-e natfe quite specific In 
8artlett*s (^enerafly ignored) analysis of thinking (Bartlett^ 
1958)« The prtnci'^le Is slilpile* Virtually any c'oip^l Icated 
experience is to tf^ dealt nlth by a rather tightly organized/ 
special purpose i9% of probleii solving routines that have been 
createa as'^a rctsult of our oHn>person8l histories* These routines 
tell us Hhat to nollce and hoH to reientber It* 

The iMportance of having fraies appropriate to the tasK at 
hand h^s been neatfy II las|rated Jty. contrasts of the behavior of 
exf^erts and novjces (Bhaskar and SlBon# 1977'} Cnase and Slion# 
1973; larlihn ^4t at^^ 1980)« The fl|ilos studied have ranged froM 
chess to pTiyslcs pr^bien so t^ngtX Although the studies H^lthln any 
one field tend to, be rather wV^io thfey aril ct)nYer8e on a/co««on 
concCOsioni good problem soiver Id a specialty field is-a 
person Hha, has {earned how to deal Hlth,the probfens that are 
encountered )*h triat fietd* That , t^chn iques nave» been learned to 
deal Nith 9b^lous. problem solving iltuatloasr such as the standard 
openings jt» chess# Is. hardly surprising^ lit 4s of some Interest 
to find that physicists see* to iiave ••statidaru openlnfts** to 
probrehi analysis that are In majiy nays similar to the chess ' 
master •s Aopeninas* ) Learned frames may apply at the perceptual 
level as Heil* Chase and H«/Slmon (1973) have shown that expert 
chess players remember more from a ^Inglfe glance at a board 
position than do novices* Hhy?^ Not because they are superior 
l>erceitfers# for Sxf^ents .and novices are equal in their memory for 
ille^^^il «rrahgements of chess pfecesV Expert^ have learned hoH to 
looK a^ tne boards and now to s^e' patterns of attack and defense* 
Fxperts in a fleid may be partify born# but they are very largely 
made*^ It takes t lme\ (and .<»glng} to make themt 

l!ume(hart and Norman (1981) have developed tnis theme# using 
the "f/ame antf SvCtfema** terminology of Cognitive Science* Thev 
claim cfiat very, irttle hutuar &dt?lt learning Is piroperly described 
Oy the t}|t by o'lt sh^Plnq of stimulus-response coai^ectlons that 
might prQper^ly describe^ tne way a dog learns tricks* fEven less of 
Quman learning is mlrror.ed b^ the learning of arbitrary 
connections between tjnrelated wordSi . Instead^ fiumefliart and 
Nor'^man maintaloy when adults learn they' learn (a) how to modify 
tne ^ituatlcns^ in Hhlch complex respQn^e schemes %PPfy and tb) 
occasionally they iearn whofe new. schema* . If Rumelhart and i^ormen 
are correct! -tnen perhaps 90? ot the literature on human learning 
is simply not relevant to tAe sprt of^ learnlitg that adults do as 
they maintain their coinpetence in Industrial setMngSi 

..DescrHing it} oetail the, Cognl 1 1 ve SUence .approach to 
le*rnln^ would carry u^ far bey^n.d the sc6pe of this report* The 
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concepts of^trte field are Just now being workea out* Indeed^ to 
an observer of the flelo they are In a disturolng state of flux^ 
and It Is <llff Icult co deteralne Nhen there has been ian a.dvance 
and Nhen cnere nas been m change of Jargon* Itiis situation «ay be 
Inevitable fn a neN flel((« A eore serious Issue Is that th% sort 
af tblnKlntf represented by the Cognitive ScI.ence approach.has 
hardly touched research on agtng* (There li amy Qntp fleeting 
referen^ce to the afTproach In the American Psychological 
Association's collection of papers ^'Aglno In the 80's** iPoonp 
l9B0y$ although this antholofl/ Is supposed to represent research 
at' the leading edge" of 'the fleldl)* Yet it Is In the field of 
hunan adult learivlng^ especially In Industrial settings^ that tne 
Cognitive Science vIeN Is nost^llkeiy to be laportant^ 

Although He are quite without aata^ He suggest that the 
experimental I iterature presents a bleaker view of the 30-b& 
period than Is narranted; As people i}roH older they acquire 
.experience* In particular^ they acquire experience about their 
Jobs* The Importance of learnlnlj Iq Industrial settings has been 
oe**eiiHhasized Irt research on aglng^ because eost of such research 
has been targeted toNard unoer standi ng the prdDle'ks .o'f people irf 
the post-retireaent yearS^t For rather different reasons^ learning 
based on prror knowl edge^. Is not a topic eas»ily stu4.led using 
tnertty yea> old co.Mege^stuaent s# One cannot gain a (Tlcture of 
th^ «iental capacities of 40 year olds nI thout ^consider Ing both age 
effect^ and iearnCng effects* Although people undoubt-e^d I y are 
Vthlnklng mort slonly** they ftove through the 3ps# 40s# and 50s# 
they are also thinning wore efficiently abbut the things ^they 
knoN* Und^r tne' age of 60/'i)lder drWers hav^ better accident 
records* Older pilots fly our airlines/ and regularly ^aW^ split 
second decisions that protect the lives of nundreds of pe^le* 
Aider I anyers ^defeat younger \>nes 'in cx)urtrooas every day# Why? 
Because the «o*re experienced Inulvlduals al/eady have their 
frames* The younger ones mzy be quicker/ but their frames for ^ 
r.esponolnj are not yet -built* * , . ^ 

On the other hand/ « Vr ares do not aiNays fit and technologies' 
do change* so»e point/ probaoly not far fro» 30/ ne may reach 
our peaks as physical systems* As Inforiratlon processing., systems/ 
Ne peak Ucer# providing that we keep our franes cgrrent* 
£ventu&lty ph/slcal deterioration ni t T overnhe In us/ but this may 
^ take a lon^ .clfne* The ficst challenge for psychologists is to 
aevelop a theory Hith Hhlch to conceptualize the age-exper I ence ^ 
tradeoff* An orderly experimental program can'not be developed 
until this Is done* 
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% : * ' * 11. INDIVIDUAL DIFFHRENCES 

Throughout the Marking ystrs people beooae Increasingly aore 
different froa each other In aleost jsv«ry aspect of cognitive 
1^erfor«aii«e». to appreciate the size of the changes the reader . 
iisht glance back at Figure 3»^Mhich shOMS the distribution of 
soores on the Raven f1#trlx Intellligence test as a function ot age . 
.(Heron and €hoMn> 1968)j aAd at Flgure'24> which presents slMllar^ 
data for speed of response ,?electlon (Robertson-Tchabo ,ana 
Arvnbers/ i9761« Although tesponse seUctlqtt an.d. non-verbal 
reasoning ^re. quite different cognitive behaviors^ the ^ 
' .distributions shown In the two f I guides are slatlar* The aean scl>re 
Vn each perf^raance Measure decreases with age> and the average 
deviation froa ttie nean Increesesj* In every age group below 70 
the nunberof people exhibiting high levels of perforaance reeains 
constant* The nuaber of people exhibiting poor perforiiance 
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Why should indjvldual alf/erences Increase with age? One 
reas'on is siapiy that Increasing age brlrl^s with It an increasing 
disparity In Itfe experience. Eighteen yeer olds In our so(U>ty 

\\ share a single pervasive expertencej a reasonaoly unlfor* 
school syste».. By the tiBe the s^aae people are in their forties 
tb^y Hill have naa years of experience In^Xli f ferent life 
situations. This iurely'Jaust be a Bejor Sintrlbutor to lndlvldua.1 
differences In Aature adults* There are /is'o sone jrar I ab les that 
appear to exert a pervasive effect on adult cognition* Three wl'ir 
be disteusseo here; level of orl.g'inal ability^ general nealth^ and 
exposure to toxic substincesj Inblutflng diet and drug habits* 
Thece are obviously ainy other ^peOiel Influences that contribute 
CO Jnoivtdual differences In a population ot.oldpr peoPle> such as 
ocVrrenpes of brain daaage due to accident or Infection* Such 
speciel causes are not not .Indlji^l dual ly widespread enough ta 
warrant extended discussion* In addition/ there are genetically 
lnheri,t/d Ipr o'enettcally Sensitive! diseases that Influence 
coohlt'lopf such as Alzhel«er*s disease' and Huntington's chorea^ 
wh^se sy«ipto*s appear only In people pajt thirty. These 
pathologies are of consfaer-eble Medical interests but are 
rel^clveiy-rarjQ* 



iMTt^L teVEL. OF ABILITY' 

The ter« "Inftlal abl I Ity".^} 1 1 be. used to refer to 
perforieen&e on conventlonaf psy^onetr.lc tests of Intelligence* 
taken auring or shortly aftec 4 fierson's school years* No stand 
HiiL be t^ken as to whether ttfeH see predoalnantly genetically or 
envlroAMent^al ly deternined*, R^ther^ we take the ^rageatlc vl-ew 
that the 'Scpres thensetves are a fact/ and asK what sort of 
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statistical predictions can be Made about adult pei^f oriaj^ce given 
knoHiadsa the fact* » ' 

-■^ ' ^ . . 

* Before World «ar*.I It Has HUety believed that 'people who 
jshOMftd unusual talents as youths/Mere lUely to be unhealthy and 
.neurotic <s. they ■aturod* In the, VicOsp Lewis Teraan his 
colleaaues Initiated a tonsltudlnal study of gifted children 
tfe«onst rating that tha o^oslta Is true* \TerMn«$ participants. 
Mho* generally had- Intel I Igence test scofe^ above I4q> had 
exceptional success ^Ijr^ughout adult life* Their scores on 
(pradoalnantly verbal) Intelligence tests were consistent and even- 
increased (Karfgas and Bradway* 1971J TerMn and Oden* 
While' the ^oglc of Ter«an»s design has b^en crUlcized W a nuaber 
of points*' mostly concerning the tacK of* a control group* the 
' adult lives of (tls gifted group wtfre so'far aoove the nor» that . 
xne a'ajor conclusion cannot be seriously questioned* Other 
studies of people of above average aental .ability (although 
usually not so superior' as feraan's subjects) have conflraed 
Teraen*s findings (ftayley and Oden* 1955J Nlsbet* 1957> Owens/ 
1953> 19o6)* iu3h lnd4vldoals show stable or laproyed performance 
levels*^ver the MorUng years* It should oe notadi'thbught that 
■ost of the tests Usid In the studies cl-ted have tfcen heavily 
Metuhted toNard/verbel pferforaance^ 

A ratlver different pIcWre ,l^btalned When one exaalnes 
longitudinal studies that Include iases Uom, the average and belOH 
aveVage Intelligence anq Soclo-cc^anlC status (ScS) ranges* 
Tudbenhaa/ Blu«enhrantz> and Mllkln CWt>8» gave tn.e Aray General 
Classification Test to a group of servlce«en wno were retiring 
froa the Ar»y after 20 years service. The resulting scores »rere 
•conpared to the veterans' entrance scores* Tuddenhaa etal.'s ^ 
satipltf consisted Balnly, of petty* officers and sergeants. The 
distribution of test scores at, tiae M orlgjnal enllstaent 
indicated tnat they were representative of what wouJd now be 
classified as Mental Categorl esi il and, III — the groups that are 
■ • considered to be daslrabUe for enlUtaent (Cooper, 1977)* The 
- AGCT consists o/ four partsf a verbai test> a spat I al, perf or^nce 
. tti\p an arithnanfit coaputation test# and a reason ng test. 

Tuddenhaa et al* f65nd decline on,,ali four tests* nitti the .largest 
aecHne (,25 standard deviation units) on the*spat .al performance 

* test* This dvllne Mas the only one that i«as statistically 

^ehable* « The verbal test showed the least decline (*I standard 
dev.ia<tion units)*. Considering the fact that all subtests showed a 
saa'il decline In aii age^ injterval Hhen other longitudinal studies - 
generally find soae I ntfreiiient* the .4>resence erf saal T d*^ I Ines in 
*this population $e,'eas likely. ' Tne tudoenham et al. Jtudy Is the 

1 only one *o' report; a ionglt;jdlnal decline in Intelligence fr6« the 
20»s to the 40»s*/ The pattern of the saalt declines was^ ^ 
consistent with tf«e clas^ agin^ pattern* , 

in Section* we b/lefiy described the elagantly designed 
conbineo cross-sectional ,and lonoitudinai saiiplb constructed, by 
Scheie and his cjb-Mor'kers. Schalefs sa«ple.»ias drawn fro* a large 
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group, heal thtcoQiperattve# and can be considered to be Intermediate 
between tne col I ege^t ralried^ upper middle class and gifttd 
populations studied by T^rman and his folloNers# and thfe nlllta/y 
group studied by Tuddenham and associates* Hertzog (1979) 
conducted a detailed reaaalysis of Scheme's data# using 
multivariate statistical techniques thft Here /)ot 'aval I abl e nhen 
the data Has collected* He fprmed a general Intelligence factor 
(GT from tne Thurstone Primary Kental Abilities (PHA) 9ubtests# 
and o^ed a longitudinal factor analysis to^ examine the consiitency 
of Ind/vidual differences over three tesjk occasions (14 years of 
longitudinal aging)# Individual, differences In 6 Here 
surprisingly constant over the^ norklng years# nlth correlations of 
• 9 or greater betne^n occasions* Tnere n^as also an Increase' In 6 
variance/ beginning in^i^dle age and becoming more pronounced 
past 60* This Is consistent nlth the proposition that th<;re Is a 
•♦fannlns** of scores over, age} people at the higher levels 
9alnta.lnlng or even Increasing their &cores# nnlle people at iQJver 
levels shoHlng continually decreased performance* It should be 
noted/ though/ tha^ there are other effects that could have given 
rise to Hertzog^s o^S;er vat ions (e#g*/ InteractI ons of practice 
effects with In 1 1 laf abl I Ity levels)^ Consistent njth Schaie^s 
observations of the ran PHA scores/ Hertzog^s analysis found no 
longitudinal decrease In mean ^corqs on 6 over tne nork'lng years* 
Age- group means Increased longitudinally thrdugn the 20s^and Here 
constant until about age 59* The Increases In variance about this 
Pattern of means suggests that some/ but not ^al I of the 40 to 60 
year olo participants ^ere decllninrg If) Intelligence ~ while the 
high correlations betneen o'ccasLons Indicated tnat those 
Individuals nho Here Reclining were prec^ominately from the lower 
levels of Initial ability* 

* Taken %ft tqgether/ these studljss p"resent a surprisingly 
consistent result* The pattern change in cognitive perforaanee 
varies wltn the Initial cnaracte^ 1st 1 cs of the saaple* ^Studies of 
.people of high Initial ability/ and 'general ty high SES# <(T«rMan> 
Bayley and. Oden# Nlsbet> and Owen studies) shOH constancy or 
laprov/enent over the MorKing years* n Scheie's study* which dealt 
Htlth peopi e (reasonably repr esentimve of the'aore stable eleaents*. 
of. the Seattle area peopj e/Uftfr/rema In-ed aff 1 1 Uted'^Mith the 

Sdme health laalntalnence^organliatlonrfor f If te^en/years) showed 
constancy. Tudoenham et ai*»sytudy of 20-year rjfefc^rees froa the 
Military in^JIcated a saail dfrTllne* Note that tfiere# are no. 
studies tnat have followed * below average |B0pu1 at lun comparable 
to Mental Category 2V.' The! results frlba otTner ability l<Vel 
aroups r^se the posslbll'ltV that the lower abi 1 Ity Jndl vljduals 
woulo show the U.reatest age\e^lated declines during 'the worK(ng 
years* ^ ' 

Longitudinal stucKes ot VflJ^g have a heavy biis toward 
studying* the stably* relatively prosperous eleaents of our 
so;^lety» ^ appears that such a bias would l«au one to 
tffiderestlaate the, size and perhaps' the nature of decreaents In 
Intelligence test perfornancejt especially at 1;ne lower ends of the 
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scil6« ,Glvin the characteristics of the current Military torce"^ \ 
Hhich appears to be locfeaslngty bia&ed toirard recrultiient of 
personnel In Armeo Forces Oual I f I cat Ipn Jest categories III and 
lyp It Hpuld be nIgKly adyTsablje tq^obtaln nore Inforaattcn about 
oognltlve change Mith age In populations nith Initially Iom t^st 
scores*^ Nore Is needed than sisple obser vat i^on^ He^need to \r\om^ 
why th* decline occurs^ For Instance^ ••disuse o-f cognitive 
sKltts** has beao-proposed as one explanatJon* Individuals of 

gher Initial aorriity are thought to occupy positions! th society 
hat lea^o to their continued use of pr oblea^ sol v Ing $4(11 Is^ Mhi.le 
Individuals of toHer ability way not exercise sKilU slutlar to' 
test taKIng sKllls In everyday life (filui'and JarvlK> 1974)* If . 
ihls IS the case^ and If the lOHered test scores for **Ioh sco/lfig. 
^adulti** do not reflect their or^/t h«-Jobjper f oriance (broadt*. . ^ 
evatuateo)^ then there Is little oause Tor conotrn* On the other 
hand^ i^ the loHered test scol^es reflect the Influence of l<|e 
style varlaj)les (heaipth habits^ orug use^f responses to stresst 
etc*-^ tnat are actually producing sub-*^l I Mca 1 brain danage^ then 
cohcern would be Marranteo* • \' • 



GENtRAL HEALTH STATUS 



'Health factors *l nteraq,t hI th aging and.^ coijnlt ion acre 
strongly than Is generally realized (Elsdorfer and WIIKie^ 1977)» 
Con^loer speed qf response selection (CRT)^ Nhicn He have 
previously shOHn to be sensltlv.e to age* One of the consistent 
findings in the gerontological literature Is that poor health 
produces greater slowing of CRT than Is found to saaptes of 
heal thy^ 0 toer individuals (Blrren^ Blrren^ Woodsy and 

Williams^ 19B0} Elsdorfer and UIIKIe^ 1977)* 



.Choice reaction time Is particularly sensitive to • 
cardiovascular diseases a class of physiological pa^t'ho I og4 es that 
general I y Increase in frequency Hltn age^ ()ut are also correlated 
Hith a person^s choice of {Ifa style* In the extren^^ 
^hypertension can lead to stroke^ Hhlcn Is obviously not good f^r 
cognition* Huch finer effects can also be shown* Sipieth (196S^) 
,,siudjed tne effects of hypertejisi on and other cardiovascular 
diseases on a group, of p 1 1 ots ''(al 1 1 tary and civilian) and air 
tr at f I cl cuntc^l lers* He g«ve a battery of psychological t^sKs at " 
the tjjoe of tne annual nedlcal certification* Men bej^een ages 3d 
an<j 50* pam^cl pated In the study* As Hould be expected/ nost of 
these InolvTelAials (d38 out of 473) Here^ found to be. Irf excellent 
health* Others^ however^ i^ere alanose^^as havlog v^ltnor to severe 
cardiovascular diseases Including hypc^ tensi on^. ar t er i os c I e^os^l s^ 
coronacy neart disease^ anfjf cerebrovascular, jlisease* Spleth^s 
^psycnoi ogl cal measures Included a 10^ choice RVtasK^ the WAIS 
'Digit Symbol Suost I tuti on ^nd B lock Design subtests^ the Halstead 
Tactual Perforoanbe Test# and the Reltan Trail HaKIng Test* 
figure 40 shoHS che ^ l/str Ibut i on of pilot? ^nd traffic controllers 
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Figure 39. Changes In critical thlnkinj^test scores wlth^age. 
CFrl^d and Zubek, 1958). * * . 
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ure*40. Speed of choice reaction as a function. of age and 
cardiovascular status. Data from [itlots. Kyper- 
'tenslon jts^at lov^ cHirffal leveU (Spleth, 1965). 
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figure 41. Reaction time as a function of age and pl\ysical actMty 

(racket sports, runners, Inactive. Young - 20s, Old A^BOs.) 
' ■ (Splfduso, 1980). 
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on a coAposlte speffd measure (constructeo rro« the RT ttsk^ tne 
Digit %ymbo^ Subst i tut*ioa ttstj tnd the Trttl Hiking Test)* Note 
thet> In generiU Indlvlduais with evidence of vascular disease 
(with the exception of, Medicated .hypertensives) score itiwer on the 
spttd measure' than healthy Individuals* The means sUffgest that 
the effect Is addJtlve nlth age* However^ note that the range of 
scores for the di^seXsed Inalviduats Increases dramatically from 
.age 40 to bOju such that some disjbased Indlvlduais are markedl^y 
sioHer than their healthy counterparts* This finding probably 
reflects the fact that there are Individual di f ference^Jn t he 
severity of dls^as?^ and consequent ly# disease effects^ "^iH^^h^s 
. data ther ef or 6 suggest that cardiovascular pathology exacerbates 
any nofmati^ve slowlny tn cognitive performance ^een over the 
working yaars* 

One should hot misinterpret Spleth^s ftnalngs about little 
deficit In medlcateo hypertensives » tnelr relatively good 
performance mtght^lvave been specific to a mild form of **essent tat 
or benign nypertenslonc Llglit (1976) has reported data which 
Indicate, that medicated renal hypc^r tens 1 ves (hypertension 
seconoary to'kldney oysfunctlon) show evidence of RT slowing 
during mlSote aje* The cardiovasculiir Effects nay also be ^ * 

^observed In a slightly more select subpopulatlon than that studied 
by Spleth* Szafran (196d) founa small# positive correlations ( r 
aoout »25) between good car alovascutar functioning and choice^ 
. reaction speed in a sample of commerciflTl pilots* Although the 
size of thls^effect Is smal U It is important because Szafran^s 
middle a^ed pilots were much healthier than the general 
population* dne woulo expect to find larger effects tn a study of 
a mora representative population* ^ 

The same point 'has been made In a different «iay by Splcdus^^s 
(i980) study of reaction tl*me In peoptlTTrTro do or do not 
participate In athletics^ an activity wh I chN^rkedl y Improves 
cardiovascular status*^Flgure ^I'^presents reaction time as a 
functl'on of agi (20 vs* 30) and participation rn sports (tnactlvei 

ifunnlng^ racquet sports)* The f I gure ^ce^talnly supports the 
maxima "a sountf mind in a sound body**^ While studies such as thi$ 

,(,6an be faulted f6r not cont ro i I Ing .f or selection effects^ one 
still has to be Impressed with the fact thai the active-Inactive 
contrast Js what one would expect by simply extrapolating .Sp lett)* 

'ana Sraf.ran*^ results to a ihore heterogenous population* 

Inese results offer a good deal of encouragement f'^r tne 
future* Epidemiological trends indicate a illjiht decrease af 
hypter tension In tne general population (Staltor^es^ 1980)* Hore 
general'l>^ hypertension la a disease that yields to an 
indivlGoaMs oholce of dletaty habits (Including smoMria) an^ 
litsure time activity* A change In personal habits Would provide 
substantial p'rotectton agjTnst biological deterioration that wouid 
affect utental runctlonlng* Tlvei results of the Spleth ana Szafran 
studies suQi^est that niedlcal scW^lng of the type used for pilot^s 
and air traffic controllers would be useful tn Indicating those 
inotviduals at risk foi' poor work performance because of disease 
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GcNERAL -trX^OSUR^ TO TOXIC ENVl'RpNMeNTS • * ^ 

The literature cohtains^ seVeral. stuj^l^s indtcatinq that 
exposure to toxic substances to the anvlronsent may Influence 
cognitive fuDptionlngt The nature of the dunage su^^gests that 
sudcii64cai brain danage 'nay have^ dccurredl^ for^tne tests that 
reveal* envl rooAent^i exposure ef fleets ar.e ^t;neraiiy those used Jn 
the analysis of the behdVtoral effects of knowrt br a in *daR^'ag^t 
AtnoSpneric lead is a ^ood exanpte* It has been sno*4n to be 
a^soci^tea nlth reduced perforaance of noj^verbal reasonlno in« * 
Industrial worKers (Valclukasi LHis# Fischbeln^ anoSeltkofff 
IHlffl^ Leaa t\^s a>so oeen impMcated as a possible causal ^gent in 
Dehavior djsoroers. in chlloren (Phi'l and Parkes^ l"^??)*^ In ^ 
Section A we pre&enteo evlbence Inolcatlng that exposure to 
unusOal noise can cause markea reduction In hearlnj^ wltn a.' 
possible concami tant' phatige in cognitive capaci ty Cjtuev tc the 
tncreaseo uttentional effort required l^n verbal cdlvprehensl on) • 
^uch effects are best consioered on a case by case basls^ 
colncioent witn the exaailrtation of specific env iron«^ents> rather * 
thar as part of the general topic of cognitive change with age.t 
The:results> are cited to illustrate a possible source of 
Inclvldual olfferences In adult cogrilti^on« ^< 

Dietary infjuences are sonhhat store perv4slvet Hunans are 
renafKatly lumune to loni tern effects froii sh6rt term dietary 
nef i cl end ds> ,cvt«n* to the point of near starvation (Sfeln «t al« 
lv7i!}* While pro! onged ^ latjLnt ii.alnutr it 1 on may have serious 
constiQuences^ whatever these flight oe shoujo oe acconplisned fact 
by yooni# «tJulthoowt Thus we oo not tnlnk that mai nutr 1 1 lun> per 
se> IS d serious influehce-^n cognitive perrormance during the , ^ 
life at a working servlce.98nt - * 

HoH dh a^ult^s choice of an aoequate^olet flijnt affect 
cognition Is a matter ^of suire debate* K nunber uf our ' ncroi*! I food 
lteros> such ;ts ca^l^ee# can te shown to have nieasura&le short term 
effects 00 co^niti^on» Xndeedi doffee (ano to a lesser extents 
soire $ort orinHs) are tak^erv ex^i 1 1 ct t ty for^ their psychoactive 
effects* SomeHhat surprisingly^ ne Know oX no studies gf^the long 
term effects at dietary stlffiulants upon cognition in adults* More 
recently/ attention nas been" Qal led to the potentially voklfi 
effects of sjbstancei^ aooed to foods as^ preser v^ti ves or color ino 
agents* Research to date. has focussed cn potential qlThlc^l 
eftecJts in chlloren (e^t S-wanspn anxi Klnsbourne^ 19b0; Weiss et 
aU» 14bu}t The stf'rtous suggestion has been /Dade that lonq term 
psychoactive effects tif fooo adoltives may carr^ over Intd adujt 
life (Kl4i)rdnd and Larsons IS^bO)* N^fispeci al Ists tent td dlsi^lss 
supn conoorns as "food fa^ds*** We noi][|^^ovIs«> an i n^erffeol ate 
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Positign^ While the evidence'gtthtred to dete is not sufficient 
to Htrfant any actions Me Houid Mt^flnd It Surprising If 
subsequent research did shOH that some of the Individual 
^differences In Intellectual change In adult life are assocUted 
Hith hi^avy use of. chemically tr ea'ted^f oods* ^ • ' 

Kucti the same .thing that can^lbe said ab^ut foods can also be 
said aboUt th^,/^?^ of prescription and non-prescr iPt Ion 
medlcat lony^rj^gji that are either explicitly Psychoac.t I ve# as In 
the case of tr anqui Mzers^ and 0'rugs that Aave substantial 
psychoactive side effects^ such as^ the various antl-hyper tensive 
agents^ are being dj^d liore'antf more Hidely In medical practice* f 
USv^^^olies .pr oar«.9?sl vei y more prevalent as peopje groH older^* We 
''Ipnore the topic solely bj»cause there Is little data on long term 
use of psychoactive drugs In medical practlce# While the lack of i ^ 
suc> data is> In our opinions a serious def Ic i*ency In the public 
healtK literatures It is a problem of general cdn6ern to society 
rather than o^e that Is specific to the Armed Services* 

ALCOHOL AND D*RU6 ABUSES^ ^ • * \ * 

t AUohdl use In the <il I Itary^ Is , at leas't as prevalent as In . 
clylllan soaletjf* According (^o Capt* Stuart Brownells USN> the 
director of tbet Navy alcoholism treatment programs 

'^about. 17X of oqr total force Is afflicted by vefy^erlous 
problem drinking and nearly 10? appear to be chror^c problem^ 
drinkers In need of ylmmediate hblp*'^^ 

• Capta'ln BronnelMs remarks Hare made In a press release 
^coiimentln^ upon a 1980 Navy seJf^report Survey of alcohol and drciTg 

Abuse* The same survey indicated that reported problems of 
^chronic atconollsm nera concentrated In personnel over 3d» While 
fhls someHha.t.contr ad lets the opinions of medical aj^flcers Hith 
Hhoiq He have discussed tl^e problem^ ne make no attempt to^ resolve 
Lhe ls;5ue* The fvolrxt that ts relevant hft^t ts>*%htt nlbespread use 
o^alco^hol may Indeed oe a^sl gnlf leant source of Individual 
differences In c^gnl t Ive ^coi;petence Jn the services* .It Is nell . 
knonn thdt pr ol ong^di^ excessive use of^ alcohol can lead to virtual 
fl^enjtal ^competences Inc t uding Incapac i tat i.ng memory dlsor.ders 
(KotsaKo'tf ^s syndrome), and a variety^of dementias (Parsons and 
Pignatano 19^7)* Vihat Is less MelY knoMn Is that there ar^ 
c^ronlo and pernaps Irreversible effects df alcohol abuse upon 
cognition tn people Hho^are Hell shor.t of permanent commitment to 



a rental hospital* The chronic effects of alcohol are relevant 
to- the evaluation of changes. In inental coo^etence ntth agej^sC^ 
because/ as f^rough gulden oontlnjiied^ alcohol abuse appears to , 
mliilc and *exaoerbate age effects on cognation* i ' 



Host ot the literature' de.ais with ^cbgnltlon In **the 

alcaholic»^ While many deflnltJohs^ '^alpohol I cs** have been 

• • ' • f i * * 
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offered/ «ost .research Hork has used the pragnatlc definition that 
a/) jlcohoilc Is a person Hho has been connltted to an alcoholic* 
treatnent progran/ on either a voluntary or Involuntary baslSt 
Not« that this Is a definition by behavior/ rather than by the— 
* amount of exposure to the drug* 

Mental test performance deficits have been found as «iuch as 
one year following release from alcohol treatnent programs (Lon^"^ 
and McLadhtan/ Kill/ fceyes/ HIkhall/ and Ayre/ Schau/ 

0*Leary/ and CharrgV In press)* ^Although alcoholics are not less' 
intelligent than normal subjects overalJ/ they seem to perform 
less Melt on the' performance scales of the WAIS« .They also appear 
to perform less Hell^ on neuropsycholo^Jcat te^t& Intended to 
measure brain damage IParsons jind Farr/Stn press)* The general 
picture/ then/ is slmll>ar to that found In the classic aging 
pattern« Verbal function remains Hhile nonv'^roal functioning and 

^abstract reasoning performance orops* A catch^f way of . summer i zjng 
the'behavioral findings Is t;o thInK of an alcoholic as a 60 year 
jiJl^ Hho Has tforn 40 years ago^ ^^rlor -to age 40 the effects of \^ 
alconollsn are reduced* It, Is not clear nhetner tjils Is because 

. the younger dl coho 1 1 c hes had less time to drlnkf^of the oloer 
alconoMc is mure sensitive to the drug« Both statements could be 
t r u e j» / 

• _ ♦_ _ _ ' ' " 

The conclusion tnat alcoholism leads to brain damage was 
ofiifjnally maoe based on beh^ivioral testing* The de ve 1 opioent of 
new physjgloglcal measurements has* provided evidence leading, to 
the same l^oncluston« Beglelter/ Porjesz/ and Chou (1981) report 
that br^in stem evoked potentials are slpwer In* alcoholics/ whl-ch, 
is Icons Istent with reports of s^lOHed psychomotor functioning* 
Tomographic studies of afcotio 1 1 c^-J^ the 30-50 awe range Indicate 
that there Is about a 50X Incrmjise in the Incidence of signs of 
neur^^l atrophy after ten yeaixs/or more of abAslve or Inking* The' 
comparable figure for control subjects ts at most; Z0% (Becgmanf 
Borg/ Hindmarsb/ fdestromp and Hutze'll/ 1980ia/b} Carlen and * 
Wilkinson/ 1980j Aon/ AcKer/ and Llshadn/ 1979)* * 

^ To wnat extelit is' the damage induced ^bV alcoholism rever-slble 
by sobriety^ Verbai skills arje deficient Immedlateiy-af ter' 
Intoxication/ but seem to recover oyer a period of djiys o? ileeks 
fGotdman and Ro&enbaun/^976)* As one wotdo expect/ performance 
om abstract reasoning and peVcept ual-motor ^^K 1 1 Is/ the cognitive , 
function^ that ar e^irvdt cators of brain damage/ may not recover for 
months if at al) (Klsh/ Hagan/ Woody/ and Harvey/1980)* 1'hese 
results are typical 6f\theTs in the 1 1 terature* Howeyer/ It 
should be rrbted that the^^ta IS largely based on studies of 
alcoi|i»J>^cs 'in their 40s* Xh^re Is some indication thrt 
rever^biilty Is^ posstbU Aor younger alcoholics*' As the services 
have ine opportunity of of/erinQ treatment to alcohol l^csata 
' somewnat y9unoer age tnan treatment^ Is usually offered/* «7nr*^ / 
because tne reversibility issue ts relevant In declsloi^s^ f I 
concerning the retention of tr.eat|ed alcoholics/ further reseatfi^ 
on r^vers'ib i l«l ty In younger alcoholics would be In order* 
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About tNo thirds of the U«S« population us«s alcohol 
.(National Institute on Drug Abuses 1977)> Hhlle at MOst lOX oooi<i 
be considered alcoholics* The Magnitude of chronic cogn^tl've 
effects of social drinking Is harder to determine than thi-'effect - 
of -alcQhl lsii> sUply becau&,e exposure to tl)e toxic agent Is not so 
great* On tht other nand^ snail effects of ^clal drinking are 
Important because o^the prevalence of-the hTolt* The ROst 
'pessUlstlc data 'on the relation betHeen Mental functioning and 
social drinking have been reporteo by Parker and Noble C1977* 
19B0)* Surveys of qu I te ' dl f f er ent populations have shOHn 
correlations of between -.S and between Measures of the 

aMount of. alcohol taken when a person drJnks and aentaf test 
scpres* Parker and Noble also report that the relationship 
b^ween, deficit and aaount of alcohol drunk Js aore Marked In 
pe^e past 40* The tests ParKer and Noble used are slallar to 
thoseSced to define "fluid Intel I Igence^** and abstract reasoning 
ablUtyy which again agrees with the rough p IctuM-of-f^tcoho^ as 
Mlalcklnjg the classic ag(ng pattern* Another Interesting aspect 
of their results IS that the laportant variable seeMS to be\Aot 
hot< Much one drinks over a long period of tlmtf but rather trie' 
highest level of ethanol concentration reached on the occasion of 
drinking** Stated less"abstract ly> "the Saturday night binge Is a " 
very bad thing*** This is of concern to the ArMed Services^ 
fjeoause **binge drinking** seeas to be fairly widespread* In a 
recent Oepartnent of Defense survey 37X of the respondents 
reporteo drinking eight or More dripks a day at least onoe a aontn 
(Atcohoi# Drug Abuses and Hetvtal Health Adninlstratlon Newsletters 
H,ay It IvtJlU This is in excess of the level of drinking reported 
In Parkjtr and Noble*s surveys'* 



farKer and Noble's , results are conslitent with More detalieo 
reports tnat have focussed on **very heavy** social drinkers* This 
group s"hOMS signs of.Mlnpr brain danage by both behavioral and 
toMoyraphic criteria (Bargwan et ai*» 1960a| Cala' at al*« 1979)* 
The tonograph-lc data are particularly interesting oe&ause they 
partially answer a serious problea In the interpretation of 
scudles based on correlations between aental perforMance and 
drinking patterns* Drinking patterns and nental test scores afe 
both sensitive to deMoaraphIc factors* Do people •♦tho drink 
iBiaoaer ately score low because they drink InModerate ly« or is It 
the case tnat the people who choose to drink heavily are people 
who would nave ioA aiental test scores regardless of their drinking 
patterns? This question can only be answered by a study of the . 
relation between drinking and test perforMance* controlled for 
test perforMance prior to the aavent of serious drinking* 

" In sptte of the prevalent usage of alcohol In our.society* . 
there are relatively few puil Ished\Studles similar to those of 
ParKer and tiobte*^Thare ha*e>been TliforMal repo.rts of failure to 
replicate their wJrj<» The Question May revolve around the precise 
deflnftlon of a population* The data frpM the study of **heavy** 
social or Inkers/ coMblneo wfjh Parker and'Noble»s reports* Make It 
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clear that there are soae drinkino practices or nofi-al cohol I cs 
that art dangerdtu^* These 'practices seen to be represented fairly^ 
* heavily in the^rv4ces« On the other hand* no one would argue 
that 8 ylass of Hlne> once a' week < produces cognitive d^'nage! . 
Considering the tTldespread prevalence of drinking nablts* It Is 
laportant* to .establ Un Aore precisely the relation betiween social 
consuaptlon ot alcohol dnd detectable cognitive dasage* 

QTHfc'R DRUGS Of ABUSE ' ' . ' ' 

Aicohol Is oniy one of severjjl drugs of* abuse* Others* such 
as '%h/^hai luci ndgens> anphetaiil nes> and cocaine^ have received a 
greaf^eal of puortclty. Hhlle the effects of tbese drugs have 
been and will' oe studied Intensively^ thctre Is no evidence at' 
present to regard tKIs as a question that is particularly related^ 
to age effe,ctSi In the past there has. been a tendency for people 
to Bove fron the drugs la*general to use of alcohol as they grow 
older iNational Insltute on "0*rug',Abuse# 1977)*. Whether tftis trend 
Mill continue «ahnot be KnoMn* , ■ t , • * 

" • , . • . , • 1, 

Mar|jua«a- Is a pdssrble exception to tl\e above statement.. 
Tne usTe of Barljuana or hashHtX on a.fegular basis' >f8S r.eported by 
193E of active duty' serv^lcenen .i»^*;€he .1980 Defense Oepar.tBent 
survey. Very, little I? known, ato'u^ the effects of long tern use 
af aarljuana^ |t ca^ie' antlcWted that considerable' research cn 
*- this topic Hill be cbrjaucttftf' In tfje/next few years. *. 

* iX,"' ' • • • \ . 

* \ y ^c^'- • • V . ■ 

The IK^ratJi^re IndVcaTtes tlVat the lacge individual differences 
Vr In are b^ no m*ani Parvld". Leve I <of Initial ^atJI 1 1 ty* 

heaitn/ and lYfe styfe'-- especially the use of recreational drugs 
--all Inf Toenc^ cogpl tljte ctwinge. ' . • . 

These, fa(hs underline t1ne tapo^tance of ^ poltit that hals ^een . 
aade earlier*. It can be qut^e*alsleadl;ig to generalTafa froa age 
effects ooserved In one -popul at Ion to ,ant Ic Ijxated effects In 
■ ' anotner popula.tlon. In oroec' to* deteralne how the Araed Services* 
< Mould be affected by ^n extension "^f epUstaent perU'ds^ .It wIM 
. be necessary to aea^re.the Int^action batweeA ^?3lng* cognltron* 

in^lt^Tal aoHlty* and health factors I.n populations that are ^ 
slftllar to those eKpacted" to be In the 'ser vl.ces In the 1980s. 



^ - ■ 



O . • • -85- 7^t 

-'ERIC * 



' IZ, COHCLUSIOfiS AND, I^COflflENDAtlONS 
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SUHHARY 

* As people age fros 2a. to 60 the .f o( ioiring cognitive changes 
takt placei 

1« Verbal and knoHl'iedge^r elated ahliities increase* In aost 
^situations the. ittpr6ve«ent in the quejity of a Horker probably 
OMtMtflghs th« drsedv^antages of age-reiatedi decrenents in o4:her 
cognitive fuifctl%ns«* . * ' u 

?• Sensory and perceptual capabTllttes decline sarkedty fros 

'the late thirties gnwar^* The extent of the decline may^ not ^be 

apparent froa standard nedtcal exanlnatlon testing of sensory, 
function^ , ' V ^ ' 

3« There Is a general decrease In the sp^ed of nental 
functioning th^t progresses steadily throughout the Horklhg years* 
•The evidence that He have reviewed does not support the contention 
that mental s^OHlng begins tQ occur oaly In late middle aoe» 

1 though It nay only become apparent on an Individual basis at 
tVat tine* 



4# There Is an, age^^related drop In the abltlty to deal with 
•'abstract reasoning situations^ especially those , 1 nvolvlno 
Inductive reason-ing« Older workefs may find It difficult to solve 
novel problems^ or reason about new situations^ especially under 
time %pressur e«t , ^ ^ • 



5« The literature does^ not adequately address the Issue of 
iihetiher problem so^lvlrtg using familiar problem solving routines 
declines during the working years* Nor does It enable us to 
conclude that there Is a decline In memory for newly learned 
materia4 that Ls .cqmp^t Ibl e with existing knowledge* To the 
\ ' contrary/ the evidence suggests *that memory for **meanlngful^. 
^Information* Is^ not adversely affected by age« Although thi^ 
research literature leaves one soaewha't optimistic about the" 
^maintenance pf familiar knowledge and^ problem sblvtng skills 
^during the, working years/ more. research will be needed to Indicate 
whether tet^nlclans and other skilled pVcsonnel would be likely to 
show performance dec 1 1 nes. between ages 40 and 55% - * 

6^ * There are large; Indlvldli^l differences lr\ all^age effXt^ 
upon cognitive functioning/ with the P0ssidle._exctpti6n of the 
decrement In sensory capacity* ASle«*rm4 ated changes In cognitive 
capacity/ or the lack of such changes/ reflect Undlvlduat 
differences In Initial level of ability/ In health/ and In life 
s^tyle* Maintenance of one*^ cognitive competence over the,work*in9 
years Js positively related to car ((lovascul ar status end 
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negatively reUted to 'exces'sFve use of elcohoU A v«Mety of 
other aore spe&tflc deter«lntnts'"of cognitive cdapetence* such as 
exposure to h#evy Mttts> aUo. have been^saggested as a source of 
Individual differences. ' . ' ^ 



RECOMMENDATIONS *- . 

• . • * 

The recruitaent and retention of al der personnel represents 
a distinct opportunity for the Ar«ed Services* There, can be ,no 
questii9n that> on the average^ »en and Hoaen In the 3p»s and.fO^s 
are asconpetent fand In soae case's^ wore coapetenti to handle 
■ RPst Service positions than are peopliC In their late teens or - 
early 20»s. Hn the other hand* there are significant changes In 
huaan cognition during the Horktng years Ntilch could Halt the. 
effectiveness of sone personnel on soae Jobs, •nle believe the 
services should develop procecjures that would locate those oersons 
Hho are "at risk" for cognitive changes both ftoraal and 
pathological — that Mpuld effect Job perforaance. The goal would 
be the devetopaent of aedlcal and psychological tests that enable 
an assessaent of "functional age" ralEher than chronological age* 
These tests could^oe Incorporated Into the annual service ae,dlcat 
exaainatlons* and would thus provide an effective aeans o' — 
s^creening oldeir pe^-soiwirKXar pe/foraance deficits* Slightly 
different sets of screening measures alght be appropriate for 

J* different types t>f per-sonneli depending upon the cognitive 
requireaents of their Jobs* Such a screening prograa Mould 
ainiaize the potential for pbor Job perforaance resulting froa 

) liipaired cognitive coapettnce* 

Our recoaaendat Ions are oriented toward the developwen*- of 
T % these screening procedures. Three classes of 'specific 

recoaaendations. wi II be Bade* The first deals with iamedlate 
policies* that could be executed wltt» very little further, study* 
The second class of recoaaendations deals with research ouest^lons 
t;h«t are cto9«ty related to various physical aspects *of, ag 1 6<7* 
The final set of ^recoaaendat ionS difal with the relationship - 
between psychological factors and "on the' job" perforaance* 

9ecoiPPiend«tl ons concerning poI Icyt . 

I. Physical exawlnttlons for personnel over 35 should Include 
, extended exauFnatlon oHaudltory and visual functions hevond those 
tests noH routine In*a Physical extwlnet lop. In parHcuJar^ tests 
of dynaiitic visual acuity and of speech percept I on In adverse 
^^^clrcumstances should be xJevelopedt ' Huilan englneerlna research 

should fee conducted to deterslne how performance on» these tests Is 
related to performance In pos Itlons Mhere visual or auditory 
perciBptlon Is -likely to be a limit on effect I veness# 
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engineering standards for equlPaent ajid onerating 
that are perceptual l^y denandlng should be 
To what extent have t^se standards been detemlned 
by experliienH-^ Voungec^ adults? In sone cases further research 
will be needed to establish appropr late -standards* 



Z% ,HjJ»an 
environments 
f t**exaHnedt 



RecoNi»endat I ons regarding research relating to physiology and 
cognition^ 

. 3* The phenonenon of cognitive slowing. has beene^tabt Ished Vt) 
numerous Independent experiments* What Is not knoiln is whether 
th« cognitive slowing observed In one type of aental .performance 
Is the same cognitive stowTng observed In another tyoe .0^ 
per formance^ A multtvartate longitudinal study Is r^QuIr^d to 
determine whether mental slowing Is or ts not a single process 
that Is affeated by age« Assuming, that a single proc,ess ts 
involved^ It shdutd be possible to develop an Index of cognitive 
speed th^t could be included in medical examinations* Choice ' 
reaction time and visu^il masking paradigms are examples of ^ 
candidate tasks* 

4* Research should be conducted to rXlVtAjLthavi oral Indices 
of mental slowJng to cardiovascular functioning and to chroni? 
exposure to a variety of environmental and dietary agents* 

*=* Kedicatly related research^should be condu(l±ed to assess 
the relationship bet wee'^n cogn 1 1 1 on and the chronic uSe of various 
recreational and prescription drugs^ Including alcohol* With 
respect to alcoboti longitudinal studies should be conducted of 
, recovery of mental functioning In Individuals who successfully 
complete 'tMatient for alcohollsK* Research Is also reoutred on 
the effect of heavy social use of aJcohol In people in th^ 
^ge rar^e# as this Is the group of most Interest to the Armed 
Services. 

6* The services will undoubtedly continue to mon|t\r the use 
oV other recreational drugs by service personnel. Tn the event- 
^hat It appears that tM pattern of polydrug abuse now observed tn 
.younger servicemen continues as the current cohort age^i 
appropriate studies should be conducted of the cognitive effects 
of continued neavy use of the most frequently consumed ^ \ 
recreational drugs* 



Recommendations regarding research on complex cpgnltlve 
functioning and Job performance^ 
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7. Further studies are needed of the relation bet*^eer«.i«easur es 
of Jienttt stoHlng end sore cbivplex tests of psychological 
ftrhctl onlng» Including conventional Intel I Igervce tests* tnd tests 
of aptitude, fof specific tasks* 'These studies should be directed 
toward poputatipns relevant to the Ariied Services^ is l.t has beer 
shoKn that results are often specific, to a particular population. 
The Reserve forces are suggested as an appropriate group 'tr 
study* . . ' 

B. A study Is needed that relates perfornance on age^sens I tl ve 
pte«tto of cognitive functioning^ Including both cental slowing tnd 
fluid IntelMgence^ to on the Job perfoi^nce In selected 
occupations representing a spectrun of servjce duty ass I gnt>ents» 
The study should be a longi tulllnal one^ in ifhich per^ornance 
rating changes over a period of ^ears are coj^par.ed to changes In 
psychological evaluations* In conducting such a study emphasis 
shoufd be placed on the study of situations that Involve rapid 
decisionmaking^ equipment operation^ and soatlal skills* 

9, Further Information is needed on the predicted charge. In 
cognitive capacity of Individuals tttio, as young adults* scqre If) 
the average and helOH average categories.* This study could be 
combined Mith the study recoMended In paragraph 8» above*^ 

• 

• 10* More knoNledge Is. needed concerning the relatl on between 
age and meaningful learning* I *e* learning that deals Hlt/i Hhat an 
Individual does in t^ls or her n^raaljlfe* Such • study shoul<< 
focus on learning In field settings* perhaps associated Hlth thp 
Introduction of nen technology* Tt is likely that such research 
Hilt at f.lrst Involve detailed case studies, and analysis* similar 
to Nor»an»s (1981) Cognitive Science analysis of miner errors apd 
accidents* Forwa'l experimentation Hilt have to analt further 
cooceptual Izat Ion of the prohlen* 
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" DiTisloo 
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Director, Bunaa Stcaource Manaso^nt 
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HaahingtOQ, DC 23050 



Director 

Training Anslytis and Evaluicion Group 

Deparxzscnc of the Havy , 

Orlando, FL 32813- ^ ^ 

Comandinr Officer 

NAval Tf alninR Cqulpoent Center «^ 
Orlando, FL 32813 
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Haval Vat Collect 

Hevport. Rl ^ 02940- 

Mr* Philip Bernard 
B-K Dynaxdca. Inc« 

1S82S Shacfj Grove Road ' 
Rockville^ KD 208S0 



Pr* Gerald Thon^son 

Ciadua'ce School of InduiiCzlal Adalni aeration 
Camegie-Kellon Univerait? 
Pittafcrgh. PA 15213 ^ 

Dr. Richard Hatch 
Deciaion Syacema Aaaociacea, Inc* 
3S0 Forcisne Terrace 
• Rockvllle, MD '20854 
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1 . Dr . Gd Aiken 

Kavy Personnel B&0 Center 
San Dld^o. CA 93152 

1 Dr* Arthia* Bachracb * 
EiivironBQeatal Stress Prograa Center 
Haval Kedlcal Research Institute 
Bethesda, HD ^0014 

1 HeryX S. Baker , * 
HPRDC 

Code P309 ' . . 

San Diego f CA 92152 

1 CDI{ Thoaag Bergbage 

Haval Health Research Center ,J 
San Diego, Ck 92152 

1 Chief of Kaval Bducatlon and Training 
Llason Office 
Air Force Hiaan Besource Laboratory 
nying Training Division 
WILLIAHS AFB, AZ 85224 

1 Dr* Richard Elster 

Depar.taent of Adalnlstra^ve Sciences 
Kaval Postgraduate School 
Honterey, CA 93940 

1 - DR. PAT FEKRICa " ' - 

. HAV3f .PERSQHHEL *ftiD CEHTER . - 

-'^ SAH DIEGO, CA 92152 

\^ 

4 Hr^ Paul Foley 

HaVy Personnel MD Center 
San Diego,' CA 92'152 
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1 Dr. John Ford 

Kavy Personnel R&D Center 
^San^ego, CA 92152 

1 Dr« Aichard Gibson 

« Bureau of medicine and surgery 

Coae.'3Cl3 
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Washington, tC 20372 



Dr* Henry H. Halff 
Department of Psycbology,C-009 
University of California at San Diego 
La Jollai 



t,vO(A 92093 
sn D.^rrls, HSC, 
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LT Steven 
Code 6021 
Kaval Air Development Cente;^ 
Warminster, Pennsylvania 18974 

♦ • 
CDR Charles W. Hutchlns 
Kaval Air Systems Command Hq 
^A1R-3.40F 

Kavy Department s ^ 

Washington, DC 20361 

Dr. Herman J*-.Kerr 
Chief of Kaval Technlcal^Tralnltig 
Kaval Air Station Memphis (75) 
Mllllngton, TH 38054 

Dr. WllliaiD L. Kaloy 
principal Civilian Advisor for 

Education and Training 
KaMi^^ Training Ccwtaand, Code OOA 
Pensacola, PL 32508 

■ 

Dr. Kneale IJarahall 

Scientific Advisor to DC«0(HPT) 

OP01T 

Washington DC 20370 - " 

CAPT Richard L. >I^artIn'i USH . 
ProspecMve ConmiZSaing Of ficcr . , 
USS Carl Vinson (CVH-70) • 
H6wport HpH^ Shipbuilding pnd I^ydock Co 
Hewport Hews, VA 23607 ■ , ■ 

( ' ' ' , ( 

Dr^ William Montague . » 

Havy Personnel R4D Center 
^n Diego, CA 92152 . - 

•mPT Paul Kelson; USH ' 
Cfaief, Medical ^rVice CoiTs ' 
Bureau of Medicine & Surgery (HED-2|) 
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WashlxigtOn;»i)C 20372 . * ' 
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JKr. Willian Kor^brock 
Instructional Program Developm^t 
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-HET-PDCD 
Great Lakes. Kaval Training Center , 
IL 60088 X 

Ted H. I. Yel3,en 
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-NAV7 PERSONNEL R&D CENTER 
SAN DIEGO^ CA 92152 

^Library, Code P201L 
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San Diego, CA 92152 . , * 
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Coomanding Offioer 
Kava^ Research Laboratory . 
code 2627 . 
Washington, DC 20390 
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Payebologlst ^ 
OHR Branch Office 
Bldg 114, Section D 
666 Suaxser Street 
Boston. }4A- 02210 ' 
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OHJt Branch Office 
536 SI dark 3tr<tet 
Chicago, IL 60605 

Of f i<5^ of Naval Research 
Code 

800 Quiticy^ Street - 
Arlington. VA 22917 



Special Asst. for Mucatioo ana ' 

Training (0P-01E) 
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- Washington, DC 20370 
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(OP-115) * 
Washington, DC 20350 
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RooB »tA«»78. The Pentagon 
Washington, DC 20350 
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Selection and Training Re^arch Division 
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Haval Aerospace Hedical Research Laborat 
Pcnsacola, FL .32508 

1 The Principal Deputy Assistant 

Secretary 'of the Havy (MRA&L) 
, flE780, The* Pentagon 
VasMngton. DC 20350 

1 Director , Research & Analysis. Division 
Plans and PoHtfy Department ' - 
Navy Recruiting Cocnmand 
H015 Wilson Boulevard 
Arlington, VA 22203 

i* Roger W, Reaiflgton, th.D 
Code L52 
KAHRL 

Peifsaool^, FL 32508 



Personnel & Training Research Prograoa 1 Dr. Bernard Rlaland (03B) 

KaVy Personnel R&D Center 
San Diego, CA 92152 



(Code IJ58) 
- Office of Naval Research 
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1030 East Oeen Street 
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Dept. of the Navy 
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Dr. Richard Sorensen 
Navy Personnel R&D Center 
San Diego, CA 92152 

V* Gary Ihottson 

Naval Ocean Systeas Center 

Code 7132 

San Dlegc, CA 92152 

Dr« Ronald Weltznan 
Code 54 WZ 

Department o( Adlnlhistratlve Sciences 
U. S. Nav^ Postgraduate School - . 
Honterey, CA 93'940' 

Dr. Robert Wisher 
Code 309 -T ^ - 

Navy Per^nner RiD Ccfnter 
Spn Diego, CA^152 
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Technical Director 

U« S. Aray Research Institute for the 

^havioral and Social iSclences 
5001 Elsenhower Avenue 
Alexandria, VA 22333 

Dr. Deleter Fletcher 
U.S. iny Research Institute ' 
5001 Elsenhower Avenue 
AlexaiMiria,VA 22333 

Col F^^ank Hart 

Aray Research Institute for the 

Behavioral & Social Sciences 
5001 Elsenhower Blv^. ^ 
Alexandria, VA 22333 

Dr. 'Hilton S. fCatz 
T^^ainlng Technical Area ^ 
U.S. Amy Research Institute 
5001 Elsenhower Avenue * 
, AlexaiKiria, VA 22333 

Dr. Itorold F. O'Keil, Jr. 
Attn: PERI-OK 
Anny Research Institute 
5001 Elsenhower Avenue 
Alexandria, VA 22333 

Dr* Robert Saaaor 

'U. S. Anay Research Ihstltute for the 

Behavioral and SoQial Sciences 
'5001 Eisenhower Jlvenue 
Alexandria, VA 22333, -~ 

Dr» Frederick Steinhelser- 

Dept. of- Kavy if 
- Chief of Kaval Operations 
. OP-1 13 . > 

Washington, DC 20350. 

Dr. Joseph Ward 

U.S. Anay Research Institute 

5001 BiMnhower Avenue ' -C ' 

Ale]fandria, VA 22333 
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Life Sciences Directorate, HL ^ 
Boiling Air Force Base 
Washington f DC 20332 
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Maxwell AFB, AL 36112 

Dr.-'Earl A. Alluisi 
HQ, AFHRL (AFSC) 
Broolcs AFB, TX 78235 

Dr. Genevieve Haddad 
Prograa Manager ■ 
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Boiling AFB, DC 20332 
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^'Brooks AFB, TX 78235 

Dr. Marty RockwaY • 
Technical Director 
AFHHL(OT) 
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1 H. Will lam Greenup 

Education Advispr (E031) 
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Quantico, VA 22134 

1 Director, Office of Manpower Utilization 
HQ, Marine Qorps (HPO) 
HCB, Bldg. 2009 
Quantico, VA 22134 

1 Headquarters, U. S. Marine Corps 
' code MPI^O 
-Washington, DC 20380 

1 Special Assistant for Marine* 
Corps Matters 
Code low 

Office of Kaval Research 
800 Quincir St. 
Arlington, VA 22217 

« 

1 Major Michael L. Pat'row, USMC 
■Headquarters, Marine Corps 
•(Code MP^^O) 
. Washington, DC 20380 

1 DR. A.L. SLAFKOSKY 

SCIEHTIFIC ADVISOR (C0D& RD-I) 
HQ«- U.S. MARIKE CORPS 
WASHIKGTOK, DC -20380 
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Quantico, VA 22134 

1 Headquarters, U« S. Marine Corp;* 
Code MPI-20 

Washington, DC 20380 * 

4 Special Assistant for Htrine 
* Corps Matters 
Code lOOH 

Office of Haval Research ; j 
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Arlington, VA 22217 

1 Major '^Hichael L. Patrou. USHC 
Headquarters, Marine Corju 
(Code MPI-20) ■ . 

Washington, DC 20380 , ' 
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Learning and Developaent ' 
Hational Institute of Education 
1200 19th Street 
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Dr. H. Wallace Sinaiko 
Progrte Director 

Manpower Research and Advisory Services 
Staithsonian Institution 
801 North Pitt Street 1 
Alexandria, VA ^314 



Dr. Frank Withrow 
U. S. Office of Education 
400 Maryland Ave. SW • 
Washington, DC 20202 



Dr# Joseph L^^Yowg, Director 
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National Science Foundation 
Washington, DC 20550 



Dr, John Anderson 
Departaent of 'Psychology 
Carnegie Hellon University 
Pittsburgh, H 15213 

1 psychological research unit 
Dept. of Defense (Aray Office) 
Campbell Park Offices. 
Canberra ACT 2600, Australia 

Dr. Alan Baddeley 
Medical Research Council 

Applied Psychology Unit 
15 Chaucer Road 
Canbridge CB2 2£F 
EHGLAKD - « 

Dr . -Jackson Beatty 
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University oC California 
Los Angeles, CA 90024 

Liaison Scientists 
Office of Haval Res€farch'^_ 
Branch Office , London 
Box 39 FPO Keu Ydrk 09510 



Dr« John B» Carroll 

Psychoaet^io Lab 

Univ. of Ho. Carolina 

Davie. Kail 013A 

Chapel Hill, HC 27514 
« 

Char),es Hyers Library 
^:|JLvingstone House 
Livingstone^ad. _ 
Stfatford 

London El5 2LJ ^ * 
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Dr* WiUian Piase 
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'Carnegie Hellon University 
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Dr. Kenneth E. Qark 
Col-lege of irts & Sclenties 
« University of Bocheatcr 
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Dr.' Lynn A. Cooper * 
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ttitverslty of Pittaburgh 
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Pittaburgh, PA 15213 
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teerlcan Psychological Association 
1200 17th Street, H.¥, 
tVaahingtonr DC 20036. 



Dr» tonna DllloD 
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Southern Zlllnola University 
CarboDdale* IL 62901 
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Departacnt of Psychology 
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Chaap^Qt IL 61820 » 

Dr« Hubert Dreyfus * 
Department of Philosophy 
(kilversitY of California 
Bcrkely. CA 94720 
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Dr« Richard Ferguson 
The Isericaa? College Testing Progn 
P.O. Box 168 
Iowa City, lA 52240 

^ Dr^, Victor Fields 
Dept« of Psychology 
Hontgoiery College 
RoclcvUle, HD 20850 

Dr/Edwib A. FleishMao* 
Advanced Research Resources Organ. 
- Suite 900 
4330 East Vest Highway 
Washington, DC 20014 ^p^. 

IS* 

Dr. Johif'fi. FVederlksen ' 
Bolt Beranek & Hewan ^ 
50 Koulton Street . 
Cambridge, KA 021^8 

Dr<. Allt/da FViedsan 
Departmtnt of Psychology 
Udivers^y of Alberta 
Edaonton/^berta ^ 
•CAHADA T6C 2E9 • 

* 

, ,Dr. R. Edward Qelsel«an 
Department of Psychology 
University of California 
Los Angeles, CA 90024 — _ _ ^ 

DR. ROBERT Q^ER**-^- 
LRDC • ■ 

uHivERsmr OF Pittsburgh 

3939 O'HARA STREET 
— PITTSBURGH, PA 15213 

Dr, Daniel Gopher , — — 
Industrial & Hanagea«nt Engineering 
Technlon-israel Institute of t^echnology 
Balfa ' 
ISRAEL 

I* 

DR. JAHES G. (3i|EH0 l 

IRX , ^' 

IffllVERSITY OF PITTSBURGH - - 
3939 O'HARA STREET. 
PITTSBURGH, *PA 152f3 ^ , 
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Dr, Harold JHawkins ' 
Departaent'^f Psychology 
University of Or^on 
Eugene OR 97403 



Dr. Jaffles R» Hoffman 
Department of Psycholc^y 
University of Del-aware ^ - 
Newark, DE 19711 

' Glenda Greenwald, Ed. 
»»Human Intelligence Newsletter" 
P. 0. 1163 
Birainghaa, 1^ 48012 

Dr. Lloyd Humphreys 
Departaent of- Psychology 
University of Illinois 
" Champaign, IL 61820 



.1 Dr . Steven W. Keele 
DepU of Psychology 
^ Iftiiversity of Oregon 
Eugene, OR .97403 

1 .Dr. Walter Kintsch 
— ^partient of Pajchoiogy 
|kiiversity of Colorado 
Boulder, CO 80302 

1 Dr. David Kleras 

Departaent of Psychology 
University of Arizona 
TUscon, AZ 85721 

1 Dr. Kenneth A. Klivlngton 
Pro&ram Officer^ 
Alfred P. Sloan Foundatioji_ 
630- Fifth Avenue 
Hew Jfoflc, HY 10111 
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' 1 Dr, Stephen Kosslyn 
Harvacd, University 
Departaent of Psychology, 
33 kirkland Street • 
CMbridge', MA 02138. 
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Mr, Harlin Kroger ^ 
1117 Via Xjoleta 

Palos Verdes Estates, CA 90274 

.Dr . Jill Urkiq 
Departaent of Psychology 
Carnegie Hellon- University 
Pittsburgh, PA 15213 

Dr. Alaj> Lesgold 
Learn*fig- R&D Center 
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Pittsburgh, PA 15260 

Dr. Allen Kunro 

Behavioral Technology Laboratories 
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Dr. Donald A Jtorman 
Dept. of Psycholc^y C-009 A 
Univ. df California, San Diego 
La Jolla-, CA 92093 

r 

Dr* Jesse Orlansky ■ 
Institute for Defense Analyses 
400 Aroy Wavy Drive 
Arlington, VA 22202 ■ 

2431 N. EDGEWOOD SIREET 
AfiLINGTON, VA 22207 ^ 

Dr. Martha Poison - 
pepartoent of P5ychol<>gy 
Campus Box 346 ^ 
Udiveralty of Colorado 

Boulder^ CO 80309 , 

- ■* * 

DR. PETER POL?ON 
DEPT-.-OF PSYCHOLOGY 
UHIVERSJTY OF COLORADO 
BOULDER> CO 8O309' 

» ♦ 

Dr. Steven- Poltrock- 
Department of Psychology 
^ University of Denver 
Denver ,C<^ 80208 . 
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Associate Professor 
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Dr« Edward E« Saith 
Bolt Beranek & Neuaan, Ino« 
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Pr. Robert Staith 

Depaftsent of Ooaputer Scienee- 
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Dr« Richard Snow 
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Stanford Itoiversity 
Stanford, CA 9'»305 

Dr* Robert Sternberg ^ 
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Yale Odtversity 
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David E. Stone, Ph.D. ^ ' 4 
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Laboratory 
252pngineering Research Laboratory 
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Urbana, IL 63801 

br>. Douglas, Tovne • ^ ^ 
Uhlv. of Sp*» California' > 
Behavioral Technology Labs 
1845 S« Elena Ave. 
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Dr* J. Uhlaner 
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Dr^ Benton J. Underwood 
Dept. of "^Psychology 
Northwestern University 
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